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SIR HUMPHRY DAVY, BART, 



PRESIDENT OF THE ROYAL SOCIETY^ 

^ • &c. &c. &c, 

> MY DEAR SIR, 

^A Called as you have been to preside 

\^ over one of the first Philosophical Societies 

,. in Europe, by the unanimous voice of its 

Members, all other eulogy would be super- 
fluous, were your name even less exalted 
than your own grea| atchievements have 
rendered it in the annals of science ; I de- 
dicate this Translation to you, therefore, 
purely from motives of attachment and 
respect, and as the best assurance I can 
give the Author of the original Work of 
my sense of its value. 



i I am ever, my dear Sir, 

Your affectionate and faithful 
Friend and Servant, 

. J. G CHILDREN. 
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TRANSLATOR'S PREFACE. 



I FEEL confident that no apology for presenting 
this translation to the public, nor any eulogy on 
the author of the original work, are at all necessary. 
The name of Berzelius, as a skilful and patient 
experimenter, stands almost unrivalled ; and the 
present Essay amply vindicates his claim to the 
high reputation he has acquired. It is an inva- 
luable cpUection of important and new facts^ and 
admirably supplies the want, which has long been 
felt and acknowledged, of a scientific practical trea- 
tise on the blowpipe. Some explanation, however, 
and to the author sonae apology perhaps is neces- 
sary^ as to certain liberties I have taken with the 
originaL In the first place, I found the descrip- 
tion of apparatus so very mitiute, that though such 
may be de$irable in Sweden, in Britain I am sure 
it is not wanted, abounding as this country does 
in skilful artists, from whom every species of phi- 
losophical apparatus may be had, of the best work- 
manship and ^ construction \ I have therefore 

< Mr. Newman, of Lisle-street, Leicester-square, makes 
complete ^ets of apparatus for 'the blowpipe, containing every 
thing that the operator can require. Each article may be 
had separately, or the whole together, neatly arranged in a 
small case, with fluxes, &c. of the greatest purity, (an object 
ofprimary consequence,) at the option of the purchaser. Mi- 
nerals of all kinds, both for collections and experiment, may 
be had of Mr. Sowerby, King-street, Covent Garden, and of 
Mr. Mawei near Somerset-house, in the Strand. 
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shortened several of these descripdoiiSy without 

however omitting any thing essential. In all that 

; relates to the habits of the various subjects of ex- 

^ periment, whether of the substances in their pure 

unmixed state, or of their comj)Ounds as minerals, 
I have most cautiously abstained from deviating 
from mj author ; not a single character^ in any 
one instance, has been intentionally omitted. But 
though I have held it matter of conscience to leave 
out nothing on these heads,* I have been less scrupu- 
lous with respect to his nomenclature and formulae. 
Berzelius, as is well known, has adopted an hypo- 
thesis of his own framing, founded on electro-che- 
mical attractions, in which, when two elements 
' combine, one of them is always supposed to be 
electro-positive, and one electro-negative, with 
respect to the other ; and he has further laid it 
'** down as an established canon, that ** compound 

atoms of the first order," (that is, composed of only 
two simple elementary atoms,) ** having a common 
electro-negative element, always combine in such 
proportions, that the number of atoms of the elec- 
tro-negative element of one, is a multiple by a 
whole number of that same numbier in the other ; 
— that is to say, for instance, in the combinations 
of oxidated bodies, the number of atoms of oxygen 
of one of the oxides is a multiple by a whole num- 
ber of that of the atoms of oxygen of the other ; 
and in combinations of sulphurets, the number. of 
atoms of sulphur of the one, is equally a multiple 
of the number of atoms of sulphur in the other.*' 
{Essai sur la Theork des Proportions Chimigues, 
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p. $7.) Accordiiig to fliis candn, he calculates 
the composition <tf Batumi minerals, and expresses 
the results by certain &gns and formulae which he 
has invented for that purpose. With respect to 
his canon, it seems to me to differ in nothing es« 
sential from the common doctrine of diemical pro- 
portions, (in fact it is merelj an hypotiietical ex« 
tension of it,) yhj which the greater number of 
compounds are illustrated with beautiful simplicity; 
and as to those which appear to be anoioalou# it 
is probably better to let them stand for the present 
as ac^owledged difficulties, than, in attempting 
to surmount them by arbitrary assumptions, in* 
cur the danger of involving the whole theoiy in 
obscmrity, if notin error. Time, that has done so 
much, may do more ; and future experiments wm 
perhaps satisfactorily illustrate what now aj^iears 
puzzling and obscure. When I turn to my 
scale of chemical equivalents, I find iron opposite 
the number 34*5, denoting its equivalent or 
ratio of combinatkn, (that of oxygen being taken 
as 10,) oxide of iron 44*5, and red oxide of 
iron 49'5. This is a simple statement of facts, 
derived from the best authorities, « and surely 
it is better ta let it stand so (which answers 
every really useful purpose, and more perfectiy 
than any other, because more simple), than to 
perplex ourselves with questions of atoms and half 
atoms, and by doubling this, and halving that, 
endeavour to make nature bend to our precon- 
ceived (pinions. The author's nomenclature is 
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closely connected with liis canon; thus we fiud 
him expressing the composition of magnetic iron-* 
, ore (Traits/ p. 145) as that of one atom of oxi- 
dule '{protoxide) of iron, with two atbms of oxide 
{peroxide)^ the former attaining two. atoms of 
oxygen, the latter *three ; and^ adopting Latin names 
and terminations, he calls the protoxide of iron, o^i- 
dum/errosum, the peroxide o^vidum ferricunif end 
the compound we are speaking of fbsidum ferroso- 
fefricum. This, and similar terms, I have taken the 
libertyjto reject, using instead those commonly adopt- 
ed in.this coutitry« The chemical and mineratogical 
symbols are composed of the initial letter or letters 
of the Latin names of the various elementary bo- 
dies ; for the former, the common Roman capitals 
are used, over which are placed as many dots as 
there are supposed to be atoms of oxygen com- 
bined with the electro-positive element; for 
the mineralogical symbols Italic' capitails are em- 
ployed, and the dots omitted; In the formulae 
they are connected by the usual algebraic sign of 
addition. These formulas I have omitted in t'oto^ but 
that the reader may not lose the information they 
are intended to convey, I have subjoined, in notes, 
the compounds they respectively indicate in com- 
mon language. I have taken this liberty (and, I 
here beg to assure my author, with any feeling 
rather than that of disrespect), because I do not 
think the Sntrodnction of these, or any other sym- 
bols, at all necessary : it requires some time and 
patience to nmke oneself thoroughly master of 
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them ; and,- as it strikjes me, « to ' little purpose. 
Why are the sjmbok of the, old chemists abolished, 
but from experience having proved thein to be 
unnecessary ? Although fosi intended as a sort 
of secret writing, they would have retained thdr 
place, with open meanings, if usefiil. I have taken 
this liberty, because these signs and formulae are 
little known in England, ^nd consequently with* 
but an elaborate and tedious explanation would be 
perfectly unintelligible to most of my readas^ ** I 
will candidly own too, that tbii^ng them rather 
calculated to perplex than facilitate our progvess, 
I do not wish to see them used in this country, 
and therefore I could not honestly add my 
mite towards their introduction, by adopting 
them. If I be wrong, their merit will outweigh 
my censure, and they will prevail ; in which case 
I shall readily bow to superior judgments. I have 
the satisfaction, however, of knowing, that some 
persons, whose opinions I hold in high respect, are 
as yet, at least, not very far from my w«y of 
thinking on the subject. I have inserted (in notes 
marked C.) such additions as I thought wanting in 
the original, and I have also collected into one view, 
in the form of a synoptic table, the principal pytog- 
nostic characters of the pure earths and metal&c ox- 
ides, which I think the operator will find useful, when 
occupied with his blowpipe. I have not included 
either sulphur, selenium, or arsenic, in the table, 
as they are so readily known by their respective 
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odourdy when heated on charcoaf, and the sheet 
is abeady altfiost too large. 

J. G- Childeek. 

British Museum^ March 1822. 

P. & At p. 104sf I have recorded the kindness 
of the Rev. Dr. E. D. Clarke. Alas ! that we 
should so soon have to lament his loss ! Since that 
sheet was printed^ his career has dosed on this 
uncertain world for evei^-^an event that will be 
sincerely dq)lored by all who value philosq>hical 
ardour and private worth. 



NOTE TO THE READER, 



I have inadvertently fallen into an error wj^ich 
I request the reader to pardon and correct. As 
far as r^ards the main object of the following 
pages — 'practical instruction in the use of the blow- 
pipe — ^it is wholly and absolutely unimportant, but 
as it might lead the general chemist into mistakes, 
it is necessary that I should acknowledge and 
remedy it. 

In order to reconcile the theory of volumes with 
the atomic or corpuscular theory, Berzelius consi- 
ders water as a compoimd of two atoms ^ of hy- 
drogen, and one of oxygen, that being the pro- 
portion in which those gases unite by volume ; and 
since their specific gravities are respectively as 
0-0694 and I'llll, the ratio between the atom of 
hydrogen and that of oxygen is by weight as 1 to 16, 
whereas on the commonly received doctrine, accord- 
ing to which water contains an atom of e^^^h element, 
it is as 1 : 8 This would be immaterial, if the num- 
bers Berzelius has given to represent the relative 
weights of atoms in general were consistent with 
themselves. But he supposes that bodies which 
have weak afiinities, ^mbine atom with atom, 
^whilst in others, whose affinities are more energetic, 
*one atom of base takes two atoms of oxygen. For 
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instance, he states the protoxides of columbimn, 
copper, gold, mercury, and several others, to be 
formed of one atom of base and one atom of 
oxygen, whilst baryta, lime, silver, &c., having 
more energetic affinities, contain two atoms of 
oxygen to one of base. Berzelius, with Thomson, 
adopts oxygen for his unit, and in those instances 
in which he considers the lowest degrees of oxida- 
tion to require but one atom of that element, his 
numbers for the bases also correspond with Thom- 
son's. Thus the atoms of columbium, copper, gold 
and mercury in Thomson's table are respectively 
18, 8, 24-875, and 25; and, in Berzelius's 18*23, 
7*91, 24-36, and 25-31. But, with respect to 
the more energetic bases, Berzelius's nimxbers are 
double those of Thomson's ; for, having laid down 
the before-mentioned hypothesis, there was no 
possibility of supporting it but by the rule of two. 
For instance he tells us (p. 149, Essai) that recent 
correct experiments show that 100 parts of mag- 
nesia contain 38*7 oxygen, and consequently are 
combined with 61'3 parts of magnesium: but 
magnesia, is one of the energetic bases, and there^ 

38*7 

fore contains two atoms of oxygen; hence -^: 

61-3 :: 1-00 : 3*16, which is double Thomson's 
number, who with the generality of chemists (all 
of the present day, for aught I know, except Ber- 
zelius) considers magnesia as containing only one 
atom of oxygen. Berzelius has the same number 
to represent sulphur, as Thomson, (within a trifling 
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fraction) and consequently is compelled to consider 
the sulphurets of the energetic bases as contain- 
ing, in like manner, two atoms of sulphur, in 
order to reconcile experiment and hypothesis. 

' It is in these instances that I have committed 
the errors alluded to, and though it certainly is no 
excuse for my fault, yet I must take the liberty 
to say that it is one proof amongst a thousaq^ of 
the danger of involving plain matter of fact in 
unnecessary hypothetical dogmas. 
* Having given this explanation I proceed to point 
out the corrections which the reader will have the 
goodness to make, by substituting the following 
numbers, for those he will find in the cases re- 
ferred to. I am sorry that the lateness of the 
period, when the mistake was detected, should 
have made the list so numerous. The references 
are all to the notes. 

P. 135. 1 atom of sulphur 16+1 atom of 
arsenic 38 s= 54, and 3 atoms of sulphur 48 + S 
atoms of arsenic 76 s 1S4. The second .com- 
pound is a sesquisulphuret, containing half as 
much more sulphur as the first; to express it 
atomically therefore the numbers are doubled to 
get rid of the anomalous half atom. 

P. 136. 1 atom of arsenic 38 -f- S of oxygen 
16 = 54. 

P. 138. 1 atom of antimony 45 + 1 of sul- 
phur 16 = 61, and the red, 1 atom of oxide of 
antimony 53 + 2 atoms of sulphuret 1S2 = 175. 
Thomson's and Bdrzelius's numbers for antimony 
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do not accord well—^that of the lattar is nearly 
three times lliat of the former. The oxides and 
milphurets of antimony are» like those of arsme» 
not wi^ made out. 

P. 146. 1 atom of inlyer 110 + 1 atom of sul* 
phmr 16 s 126. 

2 atoms of sulphuret of antimony 1S2 -f 9 
atoms of sulphuret of silver 378 s ffOO. 

P. 149. 1 atom of silver 110 + 1 Atom of 
mercury 200 = 310. 

P. 150. 1 atom of bismuth 71 + 1 of sulphur 
1© = g7. 

P. 153. 1 atom of lead 104 + 1 of sulphur 
16 = 120. 

P. 155 1 atom of sulphuret of lead 120 -f 
1 atom of sulphuret of copper 80 -f 1 <>f sulphuret 
of antimony 61 = 261. 

P. 156. 1 atom of sulphuret (^ lead 120» 1 of 
sulphuret of silver 126, 1 of sulphuiiet of an- 
timony 61, and 1 of arseniuret of nickd 64 s= 371 >' 
P. 161. 1 atom of oxide of lead 112 + 1 
atom o£ traigstie acid 120 ss 232. 

P. 163. 2 atoms of sulphuret of copper 160 4- 
1 sidphuret of diver 126 = 286. 

P. 165. 1 atom of sulphuret of tin 75 + S of 
sulphuret of copper 160 =7 235. 

P. 166. 1 atom of sulphuret of lead 120 + 2 
of sulphuret of wpper 160 + 2 of sulphuret of 
Hsmuth 174 =: 454. 

P. 167* 2 atoms of seleniuret of copper 210 
+ 1 of seleniuret of silver 151 = 361. 
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XV 



P. 173. (80 X 3 + 16 X 6) = 336 + 12 
water 108 = 444. Berzelius's number for silica is 
three times that of Thomson's. 

P. 175. 1 atom of nickel 26 -f 1 of sulphur 
16 = 42. 

P. 176. 1 atom of bisulphuret of nickel 58 + 
1 of biarseniuret of nickel 102 s 160. 
_PJ77. For 26 X 8 + 62 X 2 = 202, read 
34 X 3 + 62 X 2 = 226 + 162 = 388. The 
weight of the atom of nickel has been taken by 
accident for that of its oxide. 

P. 183. 1 atom of uranium 125 + 1 atom of 
oxygen 8 = 133. The peroxide may be consi- 
dered as containing half as much more oxygen as 
the protoxide, in which case it will consist of 2 
atoms of uranium 250 + 3 of oxgen 24 = 274. 
Brande considers the atom of uranium to be 64, 
(oxygen being 8) and that the protoxide contains 
1 atom of oxygen, the peroxide 2 atoms. 
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SKETCH 

OF 

BERZELIUS'S 
MINERALOGICAL ARRANGEMENT, 

BY THE TRANSLATOR. 



As Berzelius*s system of mineralogy is not ge- 
nerally known, I believe, in this country, I subjoin 
a sketch of its leading features. His arrangement 
df minerals is purely chemical ; and although he 
may perhaps have proceeded somewhat more ra- 
pidly than is consistent with the actual state of 
chemistry, I am convinced that the basis is solid, 
and the superstructure will one day be perfect and 
beautiful. When I say that his system is purely 
chemical it must not be understood that Berze- 
lius rejects the use of external characters ; on the 
contrary, he knows and acknowledges their value. 
It has been asserted that the chemist and the mine' 
ralogist, properly so called, have^ and ought to have, 
difiPerent modes of viewing inorganic nature. This 
Berzelius expressly denies, and argues, that if the 
chemist, after relating the composition of a mine- 
ral, were to omit to describe, with the same care 
and accuracy, its external characters, as colour. 
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hardness, transparency, crystalline form, &c. &c, 
his chemical details would be of little value, since 
no one, for want of the latter, could tell to what 
substance the f(»iner relates. But the principles 
on which a general systematic arrangement is to be 
founded, and those on which we are to proceed in 
the description of individual substances, are dis* 
tinct from each other, and must not be confounded. 
As external characters are insufficient to determine 
the true place which a mineral, not as yet ana- 
lysed, should occupy in the system; so, on the 
other hand, after an individual of any species has 
been analysed, they are essentially necessary to 
determine the identity of others, whose similarity, 
in these respects, to the one of ascertained compo- 
sition, leaves no doubt of its being f(»rmed of the 
same elements, in the same proportions, and con- 
sequently obviates the necessity of a diemical ex- 
amination of more than one well characterised speci- 
men of each species. Hence, external characters are 
of great importance to mineralogy ; but neverthe- 
less, it is impossible to adopt a compound principle 
of general arrangement founded on the union of che- 
mical composition and external form. The latter 
depends solely on the former, but great diffisrences 
often occur in the external characters of minerals 
composed of the same elements, but in different 
proportions ; and it not unfirequently happens that 
substances so circumstanced are even more dissi- 
milar in point of external form, than others whose 
composition is less aUke. Here composition and 
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form are contradictory ; and if the latter is to have 
part in the principle of general arrangement, we 
must transfer the mineral in such case from its as* 
sociation with its fellows, to those which it merely 
resembles externally. But no system attempts to 
proceed without founding its orders, at least on a 
chemical basis, employing the external characters 
in the subsequent details. If, therefore, we adopt 
the latter for arranging substances together, which, 
according to the fundamental principle, have no 
connexion, the whole system becomes inconsist- 
ent. Hence we are compelled to employ and keep 
separate, either composition, or external character,- 
as the basis of general classification, without suf- 
fering the one to influence or disturb the other. 
The cheinical arrangement does not make minera- 
logy the less a branch of natural history, since the 
objects it contemplates, though destitute of life 
and organization, and consequently incapable of 
being classed on principles suitable to organized 
bodies, are still a portion of the great work of na- 
ture. Nor is there any contradiction in consider- 
ing mineralogy as a part of chemistry, because it 
is at the same time a branch of natural history ; 
on the contrary, it is essentially a part of both, 
and the more assistance it derives from the former, 
the more perfect it will become as a portion of the 
latter. As to the objection, that our chemical re- 
searches have not yet attained the precision neces- 
sary to apply and confirm the new theory in its fiill 
extent, it is unfortunately true; but that is no 

b 2 
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argument against the propriety. of adopting it, for 
the sooner we hegin to treat a science according to 
accurate notions, the sooner our researches will be 
properly directed, and the sooner they will attain 
their object. 

Having thus given an outline of the arguments 
by which Berzelius defends the superiority of a 
purely chemical system of mineralogy, I proceed 
to his classification, and the peculiar views on 
which he has founded it. 

The influence of electricity on the theory of 
chemistry extends to mineralogy, although not hi- 
therto applied to that science ; for the elements of 
which minerals are composed, as well as those of 
all other bodies, unite with forces proportionate to 
the differences that exist in their mutual electrical 
relations. Hence, one or more electro-positive, and 
one or more electro-negative ingredients,^ must be 
found in every compound body ; thus, if it be 
formed of oxides, for every ingredient which we 
call a base, another must act as an acid, although- 
tlie latter, in its insulated state, may not have the 
sour taste and other properties by which acids, 
usually so called, are distinguished; such are si- 
lica and the oxides of titanium, columbium, and 
many other metallic oxides, so that all the im- 
mense series of earthy minerals may be classed 

t 

> Electro-positive bodies are those which, when sepa- 
rated from a compound by the voltaic apparatus, terminate to 
the negative pole ; electro-negative bodies terminate to the 
positive pole. 
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«.r the »iiepriuaple.« salt. ;AulBg^«.t 
which: acts sA an acid m; one case, may act as, 
^ base in another, according as it is electro^nega- 
live or electro-positive, with. respect to\thcf sub- 
stance it combines with ; and consequently, in a 
combination of two acids, the weaker inay serve as 
ai base to the stronger. 

The doietrihe of chtemical proportions, which 
has so much exalted chemistry ais a science, must 
also give the same mathematical precision, if we 
may be allowed the expression, to mineralogy, and 
there are a vast number of analyses of miiieral 
substances, whose results perfectly accord with 
chemical proportions. It is principally firom the 
examination of that class of minerals in which 
silica a^ts as an imd, and which may be caUed 
silicates, that most light is thrown on the other 
branches of mineralogy. Considered as an acid, 
silica forms sevd'al compounds of different degrees 
of saturation ; the most common are the silicates, 
or those which contain one atom of sdlica, and one 
of base ; sometimes two or three atoiiis of silica 
combine with one of base, forming, reispectively 
bisilicates and trisilicates ; sometimes the base is 
in excess ; for instance, two atoms pf alumina may 
combine with one atom of silica, in which case the 
compound is a subsSlicate. The order of arrange- 
ment depends oH the electro-chemical properties of 
the elements of which mineral substances are com- 
posed, proceeding from the most electro-negative 
oxygen, to the most electro-positive potasdum ; ' 
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but 88 we are yet only very imperfectly acquainted 
with the electro-chemical relations of the simple 
bodies, we must be contented with an approximate 
arrangement. 

Berzelius divides simple bodies into three classes: 
Oxygen, — simple combustibles not metallic, — 
(wldch he calls metalloids,) and metals ; and they 
are distributed in each class, according to the order 
just mentioned ; which is as follows :— « 



1. Oxygen. 


Gold, 


2. Metalloids, 


Rhodium, 


Sulphur, 


Pdlladium, 


Nitric, 


Mercury, 


Muriatic Radical, 


Silver, 


Boron, 


Lead, 


Carbon, 


Tin. 


Hydrogen. 


Nickel, 


S. MOals. 


Copper, 


Arsenic, 


Uranium, 


Chrome, 


Zinc, 


Molybdena, 


Iron, 


Tungsten, 


Manganese, 


Antimony, 


Cerium, 


Tellurium, 


Yttrium, 


Silicium^ 


Glucinum, 


Columbium, 


Aluminum, 


Titanium 


Magnesium, 


Zirconium, 


Calcium, 


Osmium, 


Strontium, 


Bismuth, 


Barium, 


Iridluip, 


Sodium, 


Platina, 


Potassium. 



The metals are subdivided into electro-negative, 
or those whose oxides rather act as adds than as 
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bases, and eledkro-positive, whose oxides act in 
preference as bases ; and the latter are again sepa- 
irated into two subdivisions, the &st of which con- 
tains those metals whose 6xides are reduced by 
charcoal in the common manner, and the se- 
cond those whose oxides cannot be so reduced. 
The latter are the bases of th^ earths and alka- 
lies. 

Each of these simple bodies forms a minora- 
logical family, composed of the simple body, and 
all its combinations with other bodies which are 
electro-negative with respect to it ; that is, with 
those which, except in a few cases, stan4 above it 
in the preceding tiable. 

The families are divided into orders, according 
to the difierent electro-negative bodies with which 
the electro-positive is combined. The orders ^e, 
for instance, 1. sulphurets ; 2. carburets ; 3. arse- 
niurets ; 4. teUurets ; 5. oxides ; 6. sulphates ; 
7. muriates ; 8. carbonates ; 9. arseniates ; 10. sili- 
cates, &c. It is obvious that the number of <»rder9 
increases as we approach the positive end of the 
series. The orders, when not very extensive, may 
be simply divided into species, which, according 
to Haiiy's acceptation of the term, include those 
minerals that have the same composition, with the 
same primitive form; and the secondary forms 
which ^a species may present, constitute the va- 
rieties. . But if the order be very extensive, and 
contain a great nimiber of species, they are first 
sepiarated into the following subdivisions : 1. salts 



xxiv SKETCH OF BSKZiSLms'S 

composed of two ingredients, or simple salts ^ 
2. salts composed of three ingredients, or doubly 
salts ; 3. salts with three or lour bases, triple or 
quadruple salts. 

These subdivisions may in their tunx be divided 
into genera, which comprehend all the ixiii^erals 
formed of the same ingredients, and these genera 
again into species. 

In determining to what famUy a mineral be- 
longs, somewhat different principles must be ob- 
served for the orders of cothbustiblet and oxidated 
bodies. 

For instance, if the mineral be a double or com- 
plex sulphurate or arseniuret^ &c., it must, be 
placed in the family of the electro-positive ipgre- 
dienty of which it contains the greatest number of 
molecules, or if the number of each kind be equal, 
in the family of the most electro-positive. If it 
be an oxidated mineral, composed of t\yo or more 
oxides, it must always be placed under the most 
electro-positive oxidcy without any regard to the 
number of molecules. 

By attending to these two circumstances we ob- 
tain the great advantage of having minerals of 
analogous composition placed near each other, and 
the whole of the great class of double, triple, and 
quadruple silicates, arranged under the three or 
four last electro-positive substances, which termi- 
nate the system. 

Each individual species is composed of the same 
ingredients united in the same proportions. Every 



ym9J^o^ in t^hqse propottiwsi IP* tlie smaUeet ad* 
dition of any substance essentially belonging to 
the compound, produces a new species. Thus an- 
hydrpui^ gypsum forms oije eg^ci/^si gfffmm con- 
taining water of crystallization another: stilbite 
and chabasie ar^ separate species, notwithstanding 
the slight .^iii^ence in the proporticms of their 

A mineral which contains a foreign mixture is 
plao^d tts^er th^ i^ecies of which ii h^ the most 
distinguishing characters, unl^esa it assume the 
crystalline form of some other substance of which 
it contains but a few parts per cent. Thus under 
carbonate of lime are placed aU the crystallized 
mixtures of that species, which contain carbonate 
of iron, and of manganese ; but carbonate of iron, 
containing only five or six per cent, of carbonate 
of lime, is ptaced in the family of iron, although 
it seem to be moulded in the crystalline form of 
carbonate of lime. Were we in such cases to 
attend only to the crystalline form, it would divert 
us from the principle of the system, which is 
founded on the composition of the substance, 
whose true place we are looking for, and not on 
accidental circumstances, such as a foreign figure 
impressed on it by some unknown cause, &c. 

I shall subjoin in this place two of the examples 
of the arrangexneut of substances in families given 
by Berzelius.; the first in the family of silver, the 
second in that of aluminum. They are rather 
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sketches to shew the method than perfect exam- 
ples. 

Family: Siher. 

First Order : Native silver ^ in ail its varieties. 

Second Order : Sulphuret of silver. 

First Species: Bisulpkuret of silver. 

Second Species : Sulphuret of siher y antimony , 
and iron. 

Third Spedes : Sulphuret of silver and anti^ 
monift with oxide of antimony. 

Third Order : Antimoniurets. 

First Species : Sulhantimoniuret of silver (an- 
timonial silver). 
Second Species : Sub-tri^ntimoniur^t of silver. 

Fourth Order : Tellurets. 

First Species : Bitelluret of silver ^ with sex^tel- 
luret of gold (graphic gold). 

Second Species : Bitelluret of silver^ with hi^ 
telluret of lead, and tritelluretof gold (weisserz). 

Fifth Order : Aururets. 

First Species : Biaururet of silver (electrum). 
Second Species: Subaururet of silver (auri- 
ferous silver). 



Hjl/> 



Sixth Order : Hydrargyrurets. 

One Species : Bihydrargyruret of silver (na- 
tive amalgam). 
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Seventh Order : Carbonates. 
One Spedes : Carbonate of silver. 

Eighth Order : Chlorides. 
One Species : Chloride of silver. 

The family of alununiiin has no order belonging 
to the combustible compoimds, nor perhaps any 
pure oxide, that is, alumina in an uncombined 
state. For even in the saphire, there are three 
and a half per cent, of silica, and seven per cent, 
of that substance in the ruby, though, in both, it 
possibly may be an acddental ingredient. 

Family: Aluminum. 

First Order : Sulphates. 

One Species : Subsulphate of alumina (native 
alumina from Halle and J^ewhaven). 

- » 

Second Order: Fluates. 

First Species: Sub-fluate of alumina (wavel- 
lite). 

Second Spedes : Fluate of alumina and soda 
(cryolite). 

Third Order : Fluo-silicates. 
One Spedes : Fluo-silicate of alumina (topaz). 

Fourth Order : Silicates. 

First Sub-division : Simple silicates. 
First Species : Silicate of alumina (nepheline). 



* 
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Second Species : Tf^i-sub'^siRcate of alumina 
(collyrite). 

Second Sub-division : Double silicates. 

First Genus : Silicates ^ with base of glucina and 

alumna. 

First Species : Bisilicate of alumina^ with qua-- 
drisilicate of glucina (emerald). 

Second Species : Its esact composition not de- 
termined (eudase). 

Second Genus : Silicates, with base of lime and 

alumina. 

First Specie} : Trisilieate of lime, with bisili- 
cate of alumina (mealy stilbite). 

Second Species : Bisilicate of alumina and lime 
(laumonite). 

Third Species : Silicate of alumina and lime 
(yitreous paranthine). 

Third Grenus : Silicate, with base of alumina and 

baryta. 

One Species: Quadrisilicate of baryta, with 
bisilicate of alumina (harmotome). 

Fourth Genujs : Silicates, with base of soda and 

alumina. 

First Species : Trisilieate of soda, with silicate 
of alumina (mesotype). 
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Second Speciei^ : Silkate af soda, and ahemiha 
(tourmaline apyre). 

Fifth (xmu3: Siliccdes^ with base of potassu and 

alumina. 

First Species: Trisilkate of aiumina and po-^ 
tassa (feldspar). 

Second Species : Trisilicate of potassa, with bi" 
silicate of alumina (meionite). 

Third Species : Bisili<:at€ of alumina and po^ 
te^^a (amphigene). 

Third Suhrdivision : Silicates with triple^ and 

quadruple bases. 

First Genus : Garnets with a triple base. 

Firjst- Species : Bisilicate of protoa^ide of ircn^ 
silicate of protoxide of manganese^- and silicate of 
alumina (garnet ftom Breddbo). 

Second Species ; Same composition (garnet from 
Finbo). 

Third Species : ^Silicate of pi^otoxide of iron 
and manganese f and silicate of lime and alumina. 

Second Genus : Different kinds of mica. 

First Species ; Trisilicate of potassa, with sili- 
cate of peroxide of iron, and silicate of alumina 
(foliated mica). 

Second Species: Similar composition^ but in 
different proportions (silv^y mica). 

Third Species : Trisilicate of potassa, with Sh- 
5 
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Hcate of magnesia, and alumina^ and iron (black 
mica). 

Berzelius calls those minerals, which, like most 
of the rocks, consist of combinations, evidently 
dissimilar on mere ini^ction, mixed; when the 
eye cannot distinguish the dissimilar parts, and 
they are not disclosed either by the fracture, or by 
cutting and polishing the ^surface, he considers 
them as having been fused together, but not as 
chemically united. Pure or unmixed minerals 
are those whose constituent parts are united in such 
proportions, as to form true chemical compounds, 
and simple minerals contain only one element; 
diamond is a simple mineral, emerald a pure un- 
mixed mineral. 

It is the busmess of chemical analysis to discrimi: 
nate between mixed minerals, and those which are 
chemical compounds, and this the atomic theory ena- 
bles it satis&ctorily to accomplish, at least in most 
cases. It does not follow, that because a mineral 
is crystallized, it must be absolutely p^e. Crys- 
tals often contain some portion of foreign matter, 
derived from the liquid from which they have sepa- 
rated, or from other causes ; in these cases, there- 
fore, not less than in those that are amorphous, 
we must apply the i^ame theory to distinguish be- 
tween the real chemical compounds, and the 
foreign substances accidentally present. To this 
end, the forces by which those compounds are 
formed, must be kept in view. As these forces 
7 
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depend on the electrical polarities of the combining 
particles, they can only unite in pairs, dince there 
cannot be a third co-operating power. Sodium, 
an electro-positive body, combines with oxygen, an 
electro-negative body, and together they form a 
compound^ in which their original polarities disap- 
pear. Sulphur in the same manner combines with 
oxygen, and forms sulphuric acid. But though 
the (»riginal polarities^ be neutralized, those two 
bodies, which must now be considered, respectively, 
as to their further combinations, as sole and ele- 
mentary, are still electro-positive and electro-nega- 
tive, with regard to each other ; hence they also 
are capable of uniting chemically, and the com- 
pound they form is not a triple union of sodium, 
sulphur, and oxygeh, but a binary one of soda and 
sulphuric add. Again, this new body is capable 
of combining with water ; and the crystallized salt 
must, in like manner, be considered as a binary 
compound of sulphate of soda and water. Sup- 
pose it were required to make a perfect analysis of 
crystallized alum, we mulst first separate the two 
ingredients of which it is immediately composed, 
anhydrous alum and water. These must next be 
separated, the latter into its elements, oxygen and 
hydrogen, the former into its immediate ingre- 
dients, sulphate of potassa, and sulphate of alu- 
mina, which again must be divided, eadi into its 
constituent parts, and so on to its ultimate ele- 
ments ; and all that applies to this example, applies 
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equally to every otber body' composed aa tibe prin^ 
ciplels of inorganic nature, namely, Innary com- 
binaiion* Hence, when we examine the restdts of 
the analysis of a mineral^ and compare the weight 
of each of its ingiedients with the weights of 
their respective atoms, we discover, if there be any 
of them, whether electro-positive or negative, ibif 
which a corresponding one rf the other order,- 
dther in an equal, or in some multiple, or sub- 
multiple proportion be wanting; in which case, 
such ingredient must be considered as accidental, 
and not as forming an essaitial jmrt in the com- 
position of the mineral. For instancOr Hisinger's 
analysis of malacolite, gave him. 

Silica 54-18 

Lime 22-72 

Magnesia 17-81 

Oxide of iron 2*18 

Oxide of manganese. . 1-45 

Volatile matter 1-20 



99*54 

Here, three of the ingredients enter in large 
quantity into the composition of the mineral ; the 
others in very small quantity. It is natural to 
suppose, therefore, that the" former are the true 
elements of the compound, and since silica acts as 
an acid in such combinations, that malacolite may 
be a true siUcate of the bases, lime, and magnesia. 
To ascertain this, we must examine whether these 
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ingredients be in such proportions ds fkre Beoessaary 
to form those salts or not. The freight of m 
atom of 

Silica is ...• ...16 

iifane «» 

Magnesia 20 

Now 28: 16:: 22-72: 18 
And 20 : 16 :: 17-81 : 14-24 

The quantity of silica which iiito litne and m^- 
nesia require to form silicates^ we thus find is 
27*24; but that given by analysis is £4*18.' Now 
this number is almost exactly ddnble the former, 
or within a trifling fraction just that quantity 
which the two bases require to form bisiUcates. 
This coincidence therefore justifies the conclusion, 
that malacolite is a bisilicate of lime and mag- 
nesia, and that the iron and manganese are not 
essential to its composition, nor chemically united 
to the other ingredients. Having thus ascertained 
what are the true chemical elements of the mi- 
neral, we next inquire, how many of the atoms of 
each it may probably contain. The solution of 
this question is very simple. Suppose the propor- 
tions had been by the analysis (disregarding the 
non-essential ingredients) 

Silica 55*43 

Lime 16*17 

Magnesia 23*10 

and by the preceding method we had found the 

c 



XXXiv SKETCH, &C. 

cojDQiposition of the mineral to be as before a bisili- 
cate of lime and magnesia, and the proportion of 
the former to the latter, as 34*67 : 60. The weight 
of an atom of bisilicate of lime is (28 + 32) 60, 
and that of an atom of bisilicate of magnesia 
(20 + 32)52. Therefore as60:52:: 84-67:30 = 4. 
of the quantity of bisiHcate of magnesia. Con- 
sequently the most simple estimate of the compo- 
sition.of the mineral will consider it as containing 
1 atom of bisilicate of lime + 2 atoms of bisilicate 
of magnesia. In the same manner the atomic 
constitution of all other minerals^ however * com- 
plex, may be ascertained. 



INTRODUCTION 

BY 

THE AUTHOR., 



The subject of the work now offered to the 
public, is highly interesting to the practical che- 
mist, the miner, and the mineralogist. 'It is a 
system ©f chemical experiments, made in the dry 
way, as it used to be called, and almost always on 
a microscopic scale, but which presents us in an 
instant with a decisive result. 

In the analysis of inorganic substances, the use 
of the blowpipe is indispensable. By means of 
this instrument, we can subject portions of matter, 
too small to be weighed, to all the trials necessary 
to demonstrate their nature ; and it frequently even 
detects the presence of substances not sought for 
nor expected in the body under examination. The 
facility that it affords for discovering the consti- 
tuent parts of metallic fossils, renders it equally 
indispensable to the miner, whose common pro- 
cesses are sometimes singularly disturbed by the 
occurrence of foreign substances in the minerals he 
operates on, and whose nature, for want of time or 
skill, he can but seldom ascertain by sufficiently 
elaborate and delicate chemical experiments, but 
which the ready and convenient use of the blow- 
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pipe enables him to develope in a few seconds. To 
the mineralogist this instrument is absolutely ne- 
cessary, as his only resource for immediately ascer- 
taining if the inferences he draws from external 
characters, such as form, colour, hardness, &c. 
be legitimate. In the following pages the series 
of results, to which researches of this kind ^e 
capable of leading us, are detailed. I have suc- 
cessively described the phenomena which the various 
subjects of the mineral kingdom present when sub- 
mitted to the test of the blowpipe, by experiments 
made, as far as possible, on pure and well charac- 
terised specimens. I have carefully pointed out 
the localities of the several minerals, whenever I 
suspected that differences in their beds might lead 
to discrepancies in the results, in order that those 
discrepancies may be distinguished from such as 
might arise from inaccurate observations recorded 
in this work. As to errors of this kind, I could 
not wholly avoid them, without multiplying my 
observations ; and the number of minerals which I 
had to examine was too great, to allow me to 
repeat in sufficient detail, all the experiments relat- 
ing to each individual. 

I have quoted the names of those persons to 
whom I am indebted for the rarer substances, de- 
sirous of thus giving at once a guarantee of the 
accuracy of the mineralogical names I have adopted, 
and of acknowledging the liberality with which 
they h^ve supplied me with specimens of the rarest 
minerals for my researches. I seize this opportu- 
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nlty to mention with gratitude the names of Hauy, 
Boumon, Gillet de Laumont, Brongniart^ Brodiant^ 
Cordier, Lucas, Weiss, and Blode. 

When we meet with a mineral not sufficiently 
distinguished hy its physical characters, there are 
generally but few known fossils with which it can 
be confounded. If, therefore, we compare the eflfects 
produced by the action of the blowpipe on the 
mineral in question, with the descriptions of ana- 
logous effects on the minerals which resemble it, we 
shall seldom fail to ascertain the nature of the one 
we are operating on. As to the metallic fossils, 
nothing is easier. With the purely earthy minerals 
the result is not quite so decisive ; since, in experi- 
ments with the blowpipe, the precision of the re- 
sult depends in general rather on differences in the 
nature of the constituent parts of a mineral than 
on their proportions. But even in compounds 
which differ only in the relative quantities of their 
component parts, we often find such remarkable 
differences in their degrees of fusibility, or the 
phenomena which they present when treated by 
the same flux, that the blowpipe is stOl suffident 
to decide the question. 

, As we are often mistaken respecting the nature 
of a mineral, when, considering only its external 
character, we disregard the phenomena which de- 
pend on its chemical composition, so also, we sel- 
dom succeed in det^mining it, if, neglecting the 
£[mner, we rely wholly on the effi^cts produced by 
the blowpipe. Those modem mineralogists who 

2 
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think that an inorganic . substance may always be 
known by its appearance, are compelled, in many 
cases, to have recourse to the blowpipe, (supposing 
them to, have sufficient chemical knowledge to use 
it with. advantage,) when they find themselves led 
into error by principles founded on vague percep- 
tions and imperfect data. 

A mineralogical classification has been attempted 
founded on the effects of the blowpipe, as a means 
of ascertaining the genus aiid name of any nuneral 
whatever, on principles analogous to those which 
regulate the classifications of organic nature. 
Aikin's Mineralogy is a very ingenious attempt of 
this kind, and as a proof of the sagacity of its 
author, I think it right to mention, on this occa- 
sion, that he has not confounded the kind of classi- 
fication in question, with the systematic arrange- 
ment on which the science, properly so called, pro- 
ceeds. Now this the mineralogical school, which 
still prevails in Germany, does, in attempting to 
mould the second on the first. However, I do not 
believe, that a classification of minerals, founded 
on the phenomena they present before the blow- 
pipe, sufficiently accomplishes its object to enable 
a person well skilled in the use of that instrument, 
but ignorant of mineralogy, to ascertain a mineral 
submitted to his examination. 

I have adopted the chemical system for the classi- 

> fication of minerals in the following work ; and in 

certain places, as in the case of amphibole, pyroxene, 

and garnet, I have indulged in some theoretical 

3 
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mnarH founded on the consideration that pyrog- 
nostic operations are the more interesting, in pro- 
portion as we are better acquainted with the nature 
of the bodies submitted to their test. 

Lastly, I have briefly shown how to determine, 
by the help of the blowpipe, the constituent parts 
of the stony concretions which form in the urinary 
passages. Being often consulted by medical men, 
Bs to their composition, I have been obliged to 
seek the shortest mode of obtaining a result. I 
now publish what I have learnt from experiment 
on the subject, in order to put the medical practi- 
tioner in the way of making such analyses without 
the assistance of the chemist. 
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THE BLOWPIPE. 



Jewellers and other workers in m^tal on ai 
small scale, avail themselves of the use of the blow* 
pipe, to direct the flame of a lamp on pieces of 
metal supported on charcoal, so as to Aise the 
solder by which they are to be united. 

This instrument was long employed in the arts, 
before any one conceived the idea of applying it to 
chemical experiments, performed in the dry way, 
as it is called. 

Bergman tells us, that the first person who so 
used it was Andrew Swab, a Swedish metallur* 
gist, and Counsellor of the (DoUege of Mines, about 
the year 1733. He left no work on the subject, 
and it is unknown to what eittent he carried the 
researches he made with this instrument. Cron« 
stedt, who laid the foundations of mineralogy, and 
whose genius so outstripped the age in which he 
lived, that he was unintelligible to his cotempo- 
raries, used the blowpipe to distinguish mineral 

B 
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flubstanees from one another, by the means of 
fusible reagents, whose action should produce such 
modifications on the objects to which they were 
applied, as might aflford some conclusions respect-- 
ing their composition, and serve as a basis for the 
classification he adopted. In his time the inter* 
course between men of science was by no means 
80 open as at present ; the labours of one man 
were seldom communicated to his fellow labourers, 
and each pursued his researches with no other help 
than the experience of the generation which had 
passed away, and become in some measure public 
f rd^rty. At such a period, Cronstedt carried the 
iiiid of the blowpipe to a d^^ree of p^ectioh that 
can only i^i^t from persevering ihdustry ; but as 
%light servfceli in the cstuse of science ware not as 
yet honoured witll general attention,, he who at 
&sl Was afr^d to make himself known ais the 
aUlhd): of that system of minaralq^ which has 
fierpeimt^ hiis memory, stiU less thought of des- 
cribing in detail this new application of the blow^ 
^pe, and "^e processes he adopted. He only pub* 
iiished such results of hij3 experiments, as might 
serve to distinguish minerals from each other, by 
alRirdxng characters pecufiar to the different spe- 

Von Engestrom, who published an BngBsh 
translation of Oonstedt^s system in 1765^ annexed 
to it a treatise on the blowppe, in which he par- 

> Hie first edition of his work appeared in 1758. B. ' 
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tieuLurly noticed his (Cronstedt's) proeecfieBi as wdl 
as the principal results of their application to thft 
minerals then known. This treatise did not ap«< 
pear till 1770,^ and waa translated and publidied 
in Swedish, by Retzius, in 1773* This work at* 
tracted the general attention of chemists and miners 
alogists to th^ use of the instrament, wbo, however^ 
derived at first little otlier advantage fisom it, than 
as a means of aacertaining ihe fiisibilit jr of bodies^ 
and occasionally th^ solubility in glass pf borax; 
fin: the want of that skill in its aj^lieation, wbick 
can only be derived fi»m patioice and practice, tp^ 
gether with a sufficient knowledge jof the pbenflb- 
mena presaited by the various aubstaaces used as 
fluxes for the bodies experimented xm, pEevented a 
just estimate being formed of its vajbite, whilst tlie 
difficulties attending its use were aibMndantly evi- 
dent ; xad heme every where but in Swedra, die 
art of the blowpipe made b|it little progress. As 
in other practical sdenees, jbooks alone are ^^ weak 
mast^s** to make adepts in this ; but they who 
had seen Cronstedt and Von fingestr&n at woik^ 
learned to work like iixem^ and transmitted 4iieir 
skill to thi^ successors. Bergman \went fuith^ 
than Cronstedt ; he extended the use of the blow- 
pipe beyond the bounds of mineralogy, to the field 

> An Essay towards a System of Mineralogy^ i>y Cronstedt, 
translated from tbe "Swedish by 4j. Von Engestromy revised 
and corrected by Mendes da Costa/London, 1770. B. The 
best edition is that by John Myacindi de Magellan, 2 vois. 
gvo. DiWy. 17S8. C. 
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of inorganic chemistry ; in bis hands it became an 
invaluable instrument for discovering very minute 
portions of metallic matter, in analytical researches. 
His work De Tubo Ferruminatorio was first pub- 
lished at Vienna, under the direction of D. A. 
Bom, in 1779.' 

Bergman, on account of his health, was assisted 
in his experiments by Gahn, who particularly ap- 
plied himself to the use of the blowpipe in his 
mineralogical studies, in consequence of the readi- 
ness with which it affords decisive results. The 
operations Which he performed under Bergman's 
inspection, who caused him to examine aU the 
minerals then known, taught him how each indi- 
vidual conducts itself before the blowpipe. Assist- 
ed by the experience he thus acquired, he con- 
tinued to employ the instrument in every kind of 
chemical and mineralogical enquiry, whence he 
attained to such a degree of skill in its use, that 
he could detect the presence of substances in a 
body by its means, which had escaped the most 
careful analysis, conducted in the moist way. Thus, 
when Ekeberg asked his opinion respecting the 
oxide of Columbium^ then recently discovered, and 

^ The English reader will find it in the second volume of 
Bergman's Physical and Chemical Essays, translated by Dr, 
CuUen^ and published in London, 1788. C. 

* Oxide de Tantale, I have restored the original name 
given to this substance by its discoverer, Mr. Hatchett, and 
the only one by which, in England at least, it ought to be 
distinguished. Mr. Phillips, in his excellent ** Introduction 
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of which he sent him a small spedmen, Gahn im- 
mediately fomid that it contained tin, although 
that metal does not exceed 1-lOOth of the weight 
of the mineral. Long before the question was 
started whether the ashes of vegetables contain 
copper^ I have seen him many times extract with 
the blowpipe, from a quarter of a sheet of burnt 
paper, distinct particles of metallic copper. 

Gahn always travelled with his blowpipe, and 
the continual use which he made of it, led him to 
several improvements in its application ; he exa- 



to M inernlogy," also ascribes the honour where it is due, 
using the terms Columbium^ Columhtte^ and YttrthColumbdeM 
the generic^ and thoseof Tantaliteand Yttro-tantalite as their 
synonyms. Dr« Thomson, in the first volume of his Chemistry, 
sixth edition, under the class of simple combustibles, heads 
his fifth section with ** Of Columbium, or Tantalum," and, 
havingshewn Mr. Hatchett's right to name the result of his own 
labours, immediately adopts the appellation bestowed on it by 
its subsequent discoverer, M. Ekeberg, the idep^ty of whose 
Tantdum with Hatchett's Columbmm was fully demonstrated 
by Dr. WoUaston in 1809. (Phil. Trans.) In his description of 
minerals, in the third volume, Dr. Thomson adopts TanUiiU 
as the leading name, and gives '^Columbite of Hatchett'' as 
jts s^^onym. The confusion of terms in the first and second 
volume of that work, is diverting ; e. g. ** The mean of 
four experiments made by Berzelius, in which he oxidized 
determinate weights of Tantalum by means of nitre, gives 
the composition of Cdumbic acid as follows : Tantdum^ 100," 
&c. vol. 1, p. 576. But we must add in justice, that Thom- 
son's Chemistry is a work^ in spit^ of many carelessnesses, of 
highvidue* C. 
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fioued a ^eat nusabet of reagents, in order to find 
wew nketiiodB of arriting at the knowledge of cer^ 
mIb eUbstahees^ and the whole was imagined and 
executed wi^h such sagadty and predtdon, that his 
resnllte wei^e entitled to the giieatolt eonfidence* 
He mdst readily and tsarpfiidly ittBtructed those who 
im!& d^sirduB bf infimnatimi on the Hubject, but h^ 
never appeal^ to h^ve thought of "publishing an 
iim^mt ^ ik kboiiris, nor has it been done by 

I wai 90 fbitnikate ad to enjoy a familiar inter'* 
course with this eminent man during the last ten 
years of his life. He spared no pains to impart to 
iine ail that he eould from his knowledge and long 
e^^ed&a^ and I have istrmgly felt th^ obligation 
I th^ ctiaVt^tt^ towards the ipubli(3, to j^eipetuate^ 
&d fkr a* lA ttii^ li^, the fruits of his labours, At 
toy earnest request, he composed the most impor* 
taut parts of what I have published on the blow« 
pipe, and its use^ in tiie AedOnd part qf my Ele^ 

' Mr. FtifP&s&oi Hku^ftfenh is the -dn9y per^n wb6 hoi 
^i«*e^ ^h sc^ouAt, '^ My 4eng^h, wf th6 neevkek 4vhioli Gahii*t 
t)low^^ hfna vetiA^teA to sci^a^e^ ifi 'a «ie«^6it ^s^fiedl itt 
^ Minerat-Tasiik^hudh Yfe Le&n%ard^ for *he ycBft 1810. ©• 
Irhtir^ % in *the eleVenlh ^dhiim^ ^ €he AB^fate ^ f^kilosOphf « 
^. 40, an '^\M^ ^ O^ th>6 ^W|;>ipe ; ffMh t Trett^^ dn ^t 
fik>^pe, hj Kasmdt Gahn, '^ Fi^luB." th^ ^^^m0t fiait 
pf that treatitile, tc^^er %itli^me itddkioBflA mal^^ oa thfe 
trtrbjedt, inajr ith6 tie 9btmd m the appendix to nrty ilraftslailoli 
5>f the fourllh 1rdkm« of TbiTnklrd's Chcfmstiy, ^etiliUed aa 
f 5 Esi^ay pn Chemical Analysis/' p. 374. C« 



xnents of Ch^ni^try ;^ it its Mi tb^Jt we liav^ fron^ 
him on the suhject. Ue ?iever wrpte Wjr iq^gioirf^ 
req^ectipg the results pf hi$ p^p^inments pa n^A^r 
xsh, and when, i^hrough ag^ his rficell^ctioa of tl}<^ 
&cts he had ohsd^n^ heg;api to fall limp he pft^^ 
insisted on the neoeiasijty pf le^anunij^ jsfmi carer 
fully noting down the phewm^pi^ pi;e£)e9ted ]t>y 
different minerals when acted on hy the hlowpipe. 
At his desire, I undertook such an investigation, 
the results of which he proposed to criticise, his 
blowpipe. in his hand^ that where any di»crepanciet 
might exist, we should he enabled to detect their 
causes, and avoid all inaccuraqr in the place as* 
signed to each individual substance. This sdieme 
was jfrustrated by his unexpected death, an event 
that happened too soon, long as his life had 
been. 

In all the rest of Europe only one naturalist, 
but he a most distinguished one, has applied him- 
self to the study of the blowpipe and its uses/ and 
Bubndtted » large nmnjber of min^ ^b^tanQes td 

'I^arbok i Kemien, S ; 4ira Delen. Stockholm^ 1813. p. 4?S, 
el aeq. B. It^ is to be Tegretted jdiat we Jbave jio Eiiglirii 
tranab^ion of thiis wprjc. It0 qi^ii foriiids a ^doifbt of % 
value. C. ^ 

2 I cannot subscribe to this opinion ; for in this couptry 
alone it is well known there are many persons who have 
made great proficiency in the use of the blowpipe. One in 
pw^lQ^il^, whom it is iipnecessary to mention by npiney is nf 
lemm^ydiatinguislied for h]3 d^^fc^ity in inansjg^ 4||j|i 
us^fiil .little :ki8tr^ment,,^ be is fqr the general ac^n^py <if 
his conclusions, and the sagacity by which he J|rriiii|i £^ 



1< 



^ DESCRIPTION OF 

V 

its test. This was H. de Saussure, jusdy celebra- 
ted for his geognostic researches on the Alps of 
Switzerland. He, as well as Cronstedt, employed 
it diiefly in distinguishing minerals, and although 
he made additions and improvements on the sub- 
je^ he ranks far behind Gahn in respect to the 
results whicji he obtained with this instrument. 



DESCRIPTION OF THE BLOWPIPE. 

The blowpipe commpnly employed in the arts, 
consists of a conical brass tube, about 13 inches 
long, SrSths of an ii^ch in diameter at the larger 
end, and having an opening at the smaUer of 
rather less than 1-1 6th of an inch. It is bent at 
a right angle, at about an inch from the point, and 
in using it the large end is placed in the mouth, 
and the blast directed on the flame of ft lamp by the 
small end. (PI. I. fig. 1). In the arts it is seldom 
necessary to continue the blast more than a minute, 
so that no inconvenience results from the vapour 
of the breath being condensed in the interior of 
the tube ; but in chemical experiments, which often 
last a considerable time, this would become a 

them* Had he thought it worth while to communicate his 
knowledge on the subject to the world, the present work 
would have been as unnecessary as the assertion is erro- 
neous. C. 
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THE BLOWPIPE. 9 

source of great annoyance. To obviate it, Cron^ 
stedt placed toward the small end of the instru- 
ment, a hollow ball, intended to collect the con- 
densed vapour. This was a material improvement, 
but still had the inconvenience, that when held in 
a vertical position, the small end downwards, the 
water in the ball flowed into the beak, or small end 
of the instrument, and impeded the blast, or was 
projected into the flame.* To remedy this, Berg« 
man< adapted a semicircular chamber of the Aie 
and form seen fig. 4. A, as the receiver to Im 
blowpipe, inserting the long tube, a, into the neck, 
b ; and the beak, c, into the hole at the upper part 
of one side of the chamber at d. It is obvious that 
the water collecting in the lower part of the re- 
ceiver cannot find its way into the beak, c. ^ Gahn 
gave his receiver the form <^f a cylinder, one inch 
long, and half an inch in diameter, as seen at 
fig. 5. In other respects, his instrument resem- 
bles Bergman's, and consists of four pieces, tf, i, Cy 
d. The little jet, rf, is fitted by grinding to the 

' I believe it was Mr. Pepys who found a remedy for 
this grievance, equally simple and effectual, by producing the 
tube of the beak so as to project oa the inside of the ball, 
through about half its diameter^ thus preventing any condens- 
ed water from passing out in that direction, at least till the 
ball is half full of it ; and this being made of two hemispheres 
united by a screw, it is taken to pieces and cleaned with little 
expense of time or trouble. Fig. 2. shows the appearance 
of this instrument when put together ; fig. 3. the beak with 
its hemisphere ; the dottedf line shews the tube projecting 6tk 
the^inade. C. 
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flxtremity of tibe beak, c, imd tb^e Bfamild be two 
or three di these jets with holes of diflb'ent me^ 
to he diiaoged as oceasi^ requires. The adyaa* 
ti«e rf Ghaa's \Aim^^ oyer Bergmaa»8 is owing 
to the cylindrii^al j^hape of the receiver, wlucfa op? 
eupiee les^i epaee th^m the former, and to the lepgth 
and (xmieal ftmn of the ueek, e, of the beak, in- 
•erted in the cy}inder at /, which allows it to be 
polled fiirther iflto the reoeiver, whien worn by 
bug use, md at all times eauaes it to fit ti^t, and 
Bot belike to fall out of Its sodcet during an expe- 
riment, — an ineonvenienee not un&equent with the 
Hoirpipecoatriyed by Bergman. In my estimation 
Gabn's blowpipe is pre£^able to all oth^s. 1%^ 
stead of the straight beak, c, I employ a bent ooie, 
g^ when I have occasion to use the instrument ifx 
blowing gla«s; its rectangular elbow enables me 
to give it every posi^ble direction with respect to 
the tube, a. As it is highly desirable, especially 
f&r the mineralogist, that the blowpipe should 
oocupy tibie least possible space, atnd be very port* 
able, without, at the same time, losing any essen- 
tial quality, several diemists have ^endeavoured to 
obtain the limits of simplicity in its construction, 
— an object most effectually accomplished in the 
blowpipes of Tennant aad Wollaston. 

Tennant's blowpipe coiHiists of a straigiit and 
very slightly conical tube, (pi. I. fig. 6. ijr, b.) 
closed at one end, at half an inch from which is an 
opening to receive the small bent tube, dy which is 
fitted in by grinding, and may be turned in any 
4 
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direction required. When nsed, the beak of tl» 
small tube generally makes a right angle with the 
tube, Of b ; when in its case, it lies parallel to it as in 
the figure. This instrument unites in a high de* 
gree every advantage that can be wiidied ioft with 
great simplicity; the water condensed from the 
breath flows to the closed end of the prindpal tube 
without entering the beak. WoUaston's blowpi|ie 
is still more portable than Tennant's. It is cam* 
posed of three pieces of the dze and form lepns 
rented in a, b, c. (pi. I. %. 7*) and when the in- 
strument is not in use, the third piece is sheathed 
in the second, and the second in the first, so as to 
reduce its length to ooe half, and make it occupy 
no more space than a common pencil case. (See fig. 8.) 
The small end atais fitted by grinding into the large 
end of A, whose cxppodte extremity is dosed, but 
near it is a small lateral opening, as seen at b^ 
%. 9. The beak, c, is closed at the large end, 
and has a very fine hole £)r the blast at the point ; 
it receives the piece, &, by a transverse opening, not 
perpendicular to its axis, but so inclined as to cause 
it, when Ihe instrument is put together, to form 
with the main tube the convenient obtuse ai^le 
represented in %. 7. For portabihty, this blow- 
pipe far exceeds all others ; it packs with perfect 
convemence in one's pocket book, and if we add 
to it a slip of platina foil, and a small piece of 
borax, we are fiimished at once with a sufficient 
lalxmitory for a great variety of operations, — for 
the candle and chairoo^l may be found every wheise^ 
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The length of a blowpipe^ whatever be its fonn, 
must depend on the eye of the operator, and be 
saeh, that the body operated on may be at that 
difitance from his eye at which he has the most 
distinet vision. 

Blowpipes are best made of silver, or tinned iron 
plate, the beak only being of brass. If the instru* 
ment be wholly of brass, it in time acquires the 
odour and taste of verdigris, — an inconvenience not 
entirely removed l^y making the mouth piece of 
ivory. The hands, too, if not quite dry, contract the 
same odour during the operation, especially if the 
Uowpipe has not been used for some time, and was 
not well cleaned before it was laid by. Tin plate 
is not liable to this nuisance, and has, besides, the 
advantage of cheapness. When that material is 
employed, the joinings should be made air tight 
by inserting pieces of paper between them. Not- 
vnthstanding that lalver is the best conductor of 
heat of all the metals, no inconvenience need be 
apprehended on that score, even in the longest 
operations. The small jets adapted to the extre- 
mity of the beak are a great improvement, for the 
extremity is liable soon to become covered with 
soot, and the hole to be either blocked up, or lose 
its circular form, and it is necessary to clean it, 
and clear the opening with a small needle kept at 
hand for the purpose. This is an indispensible 
hut troublesome operation. I have, therefore, had 
these jets made of platina, each of a single piece, 
and when dirty I heat them red hot on a piece of 
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chaxcoal, which cleans them in an instant, and 
clears the hole without the assistance of any me- 
chanical agent Silver would not answer the pur- 
pose, for although we are ever so careful not td 
fuse it in the operation, it would crystallise as it 
cools after having heen heated to redness, and be- 
come as brittle its an unmalleable metaL 

Glass blowpipes are certainly less costly and less 
liable to get dirty than those made of metal, but 
their brittleness and the fusibility of their beaks 
are so serious inconveniences, that they should 
never be used but in cases of necessity*^ 

Attempts have been made at different times to 
construct blowpipes of greater facility in their ma- 
nagement than the one in common use. De Saus- 
sure fixed his to a table, so as to have liis hands at 
liberty, whilst he regulated the blast by his mouth. 
I know no case in which much advantage is de- 
rived from this plan ; moreover, the variations in the 
sort of flame required in experiments witb the 
blowpipe, depend on such slight changes in the 
position of the beak, that it is impossible to accom- 
plish them with precision by the mere action of 
the mouth.* 

* In this country the blovrpipes are generally made of brass, 
and^ when well lackered, I have never been annoyed with the 
inconveniences Berzelius complains of. The mouth-piece 
should be of silver^ and the beak of platina ; were it not fiir 
the expence, the whole instrument were better made of pla- 
tina. C. 

^ These expedients are like the various devicea for lathes 
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It is generally supposed, that 'to use the blow- 
pipe is a difficult operation, that it requires great 
pulmonary exertion, and may be injurious to the 
health. Partly for this reason, and partly for want 
of skill to keep up a continued blast without incon- 
venience, various contrivances have been hit upon 
to supersede the blowing with the mouth. Such 

and tools for gentlemen turoeis and carpenters, who watte 
their time and cut their fingers in ineffectual attempts to 
make a box mrorth sixpence, with an apparatus that cost a 
hundred pounds. The skilful workman needs no such aids, 
and the operator with the blowpipe will do well to render 
himself independent of them at once. However, as some 
readers may be of a different opinion, and as in a few cases 
whera an unusually large flame is required the instrument 
may be useful, I annex a figure of the best form that I haye 
met with, for a blowpipe on that construction. I do not 
know who is the author of the invention, a, (fig. 10, pi. I.) 
is a rectangular copper box, 2 J inches long, 1 inch high, and 
4 of an inch wide, which is fixed on a board by a screw 
passing through the foot-plate, b; c is a tube projecting 
from the top of the box, to which one end of a flexible 
tube is adapted by a brass socket. The flexible tube is ter- 
minated at its other end by an ivory mouth^piece, and is of 
such a length, as to be conveniently applied to the mouth 
of the operator ; d is another projecting tube, to which the 
beak, J^, g^ is adapted ; and e is a third projecting tube 
(closed with a cork) for the purpose of pouring off the con- 
densed water that collects in the box, a. The beak is made 
in two parts, ^ &nd^, (fig. 11,) the large end of y fitting on 
the projecting tube, d^ and gj in like manner, fitting on the 
small end of^ By this means a double rectangular motion 
is obtained, which allows the beak to be presented in any 
position to the flame of the lamp, /• All the parts that have 
motion are well fitted together by grinding. C. 
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we tbose ci Ehrmaan^ Kfihler, Metisiikr, Aebaitl, 
Matcet, Brooke, and Newiaan, by means of whieh 
the highest degrees of heat are produced^ on a small 
scale, by an artificial blast of atiMspheric w, at 
oxygen gas ; but as the use of these instruments has 
no connection with our subject, I shall abstain ftt)m 
further notice of them.^ 

* I fehftll Bot : for in a work Mpeqially devoted t# the 
blowpipe, some acccftiiit of evefy itaportant ifistfument shouldy 
in my estimation, be induded; and ahboughy in 6om« reipect^ 
Brooke's or Newman's blowpipe {hr it is but one mgtm- 
ment) is not caloolated for mineralogical experiments, a 
others it is highly usefuL Indeed, when used with atawe- 
pheric air> it mdif be applied to (dl raineralogieai pwrpoam^ 
though still with less advantage than the coranaon biowp^ 
in skUfid hands. But when filled with a condensed miKtare 
of oxygen and hydrogen gases, in the proportioos reqnlsile 
to form water, one essential character, the fusibility, or in- 
fusibility of di£fer^t substances, as determined by the com- 
mon blowpipe, d^appears before the intense heal prodtned 
by this, which levels all bodies to one general class of fusible 
substances ; though very evident diftrences are stiU obsenr-* 
able in theJacUiiy with which different bodies are reduced to 
the state of fusion. In return, too, for the character which is 
thus lost, we gain a new one in the appearance of the, -other- 
wise infusible, body, after it hi^s been melted. For theae 
reasons, a description of the instrument seems desirable, and 
a figure of it may be considered as a good substitute for the 
plan of a red morocco case, to hold mineralogicd instm- 
ments, and the piece of furniture, which occupy the fourth 
f^ate in the original volume. This apparatus was first made 
at the desire of Mr. Brooke, by Mr. Newman, of Lisie^street. 
An accident that occurred to Dr. Clarke^ by the ez{rfostOD 
of the reservoir, and which had nearly been attended with 
serious consequences, occasioned several attempts at its im« 
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Hassenfratz supplied his blowpipe with air by 
means of a pair of bellows worked by the feet^ 

proTementi especially with regard to safety ; the most perfect 
of wlych is the trough represented by fig. 4, pi. II. It was 
suggested by Mr. Professor Cumming, of Cambridge, a, 
(fig. 1, pi. II.) is the resenroir made of sheet copper, S\ inches 
Iong> 3 inches wide, and 3 inches high ; hy a syringe connect- 
ed by a couple of stop-cocks, c, to the reservoir ; d^ is the 
head of the trough (or safety apparatus), fitting in its place 
by a screw, perfectly air tight : the trough is inserted in the 
reservoir, in the direction of the dotted lines, and descends 
to the bottom : it is represented, on a large scale, at fig. 4. ; 
t, a stop-cock proceeding from the head d^ and^ its jet 
fixed to it by the ball and socket joint g. When the instru- 
ment is used, its parts are to be put together, as in fig. 1. 
and the reservoir exhausted, by working the piston of the 
syringe, h. The stop-cocks must then be closed, the syringe 
with the upper stop cock taken^-off, and the syringe alone 
placed in the upright position shewn at fig. 2. The blad- 
der, hy containing the gases, must then be connected by the 
screw socket, ^, and its stop- cock, with the syringe* The 
syringe stop-cocks are now to be opened, when the gases will 
issue from the bladder and fill the reservoir. The head of 
the trough is then to be unscrewed by the key, (fig. 3.) and 
oil poured in, to about half an inch above the lower screen 
of wire gauze, (see fig. 4.) and the head againv^crewed tight 
in its place. The gases are next to be condensed into the 
reservoir, by working the piston of the syringe as before, and 
all the stop-cocks being now shut, the apparatus is ready for 
use. 

During the whole time the jet is burning the oil will be 
heard to play in the trough. If the current be inflamed, and 
the instrument abandoned to itself, the jet will go on burn- 
ing until the expansive force of the atmosphere within the 
box is no longer sufficient to propel a stream with the re- 
quired rapidity through the tube; at this time the inflamma- 
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nfter the manner of the enametters, and Nasen em- 
ployed for the same purpose a bladder filled with 

Hon will pass backwards^ unlets the tube be very fine, and 
will fire the small quantity of mixture in the upper part of 
the trough, and then its effects will cease, the atmosphere 
in the reservoir remaining as before. When, however^ the 
regular use of the instrument is required, it is better to shut 
the jet-bock before the atmosphere is quite out, and condense 
in a fresh portion of the gas. 

Attention should be paid to the quantity of oil in the trough 
—it should cover the gauze, but not to too great a height ; if 
there be too much oil, it is possible that the agitation caused 
by the passage, of the gas through it, may throw a drop or 
two through the gauee above, against the inner orifice of the 
jet tube, which would cause a sputtering in the flame. 

The oil should be emptie4 out from the trough when the 
apparatus is laid by. Fig. 4. is a section of the trough and 
part of the reservoir, drawn on ,a large scale, in order to 
render its construction more distinct. 

A. A.A. is the reservoir. B«B. a brass tube (the trough) 
closed at the bottom, and fixed air tight into the reservoir. 
C. is a small tube in the interior of the reservoir ; its upper 
orifice is covered with fine wire gauze, and reaches nearly to 
the top of the reservoir ; its lower orifice is inserted into the 
bottom of the trough ; four holes are made from^the trough 
into the tube, and qpen a communication to tfiTe ga^08 in the 
reservoir : a circular fiat valve, D, lined with oiled silk or 
leather, and moveable on a central pin,:£, covers these holes, 
and prevents the passi^ of any thing firom the trough into 
the reservoir, F, a fine wire gauze ii^rsecting the trough. 
The head of the trough (<]{. fig. 1.) contains a small chamber, 
G. communicating by a fine tube with the interior of the 
trough, just below the orifice of which is a second piece of very 
fine wire gauze, M. The stop*cock^ H, connects the head 
with the jet, having a circular motion by the ball and socket 
joint, I, to which various tubes, as K, may be adapted. - The 
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atmospheric tdr, which he compres^ between his 
knees, with a force proportiokiate to the blast re* 
quired. When empty, it was filled again by the 
mouth through a separate tube, furnished with a 
stop-cock and fitted to the bladder. 

By these pretended improvements, motions more 
or less troublesome have been substituted for a slight 
esoertion of the muscles of liie checks, and their 
inventors have demonstrated by their very con- 
trivances that they did not know how to use the 
blowpipe; they might as well have proposed to 
play on a wind instrument with a bladder. Our 
conclusion must be, that all apparatus of this kind 
is perfectly useless. 



OF THE COMBUSTIBLE. 

Every kind of flame, provided it be not too 
small, is calculated for experiments with the blow*- 

line at L marks the hdght to wlHoh the oil shouid rise in 
the trough. Foir further seourity, Mr. Newman informs me, 
that he puts seveml pieces, to the number of twenty or thirty, 
of very fine wire gauzet between the itop-oock, H, and the 
ball and socket joint, I, and the end of the reservoir nearest 
the syringe is made weaker than any other part, so that if an 
explosion should happen in the resenrohr, it will yield in that 
part rather than in any other. M^th these precautions, tiie 
instrument may be considered (provided there be no fiuilt 
in its construction, and every thing in good order), perfectly 
secure. C. 
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^ipe» wliether it be that of a tallow or wax candle, 
or of a lamp. Engestrom and Bergman employed 
in preference common wax candles, Aimished with 
a good cotton wick, which Bergman recommends 
to be bent, after muffing, in the direction in which 
the flame is to be impelled. Candles however have 
this inconvenience, that the radiant heat from the 
substance under examination melts the tallow or 
wax, and occasions them to bum away too fast; and, 
besides, common candles do not always furnish suffi- 
cient heat. Gahn substituted at first for the single 
candle three small wax candles with thick wicks, 
which he placed together, but he afterwards re- 
jected these for a lamp furnished with a large wick, 
and fed with oUve oil. Lamps arc certahily pre- 
ferable to candles, though inconvenient in travel- 
ling, from the danger of the oil getting out. That, 
however, may easily foe remedied by a brass cap 
made to screw over, or rather into the projecting 
piece (f(Hr the screw is best in the inside) through 
which the wick passes, and frunished' with a 
washar of leather (previously soaked in melted 
wax), wfaidi, when the cap is screwed home, presse^s 
ftmly on the rim of the prc^ectmg piece, and 
eflectually prevents the escape of any oil from the 
lamp.^ The best fuel for the lamp is oHve oil. 



' In point of form that represented at L (pL I. fig. 10,) 
is the most convenient that I am acquainted with. It is 
made of copper, tinned both inside and out, and of the si^e 
4xtmR in the figure. C* 

C 2 



SiO BLAST and' FLAME. 

When we wish to heat- a small matrasi^ or 
glass tube, a spirit lamp is preferable to the oil 
lamp. It should have a ground glass cap fitted to 
the neck of the lamp and covering the wick, to 
prevent the evap<»ration of the spirit when not in 
use. 



OF THE BLAST AND FLAME. 

The organs of respiration are not called into 
increased action in using the blowpipe ; they oonld 
not keep up a continued blast, and such an effort 
would in time be injurious. It is the cheeks 
which perform the office of a pair of bellows : the 
mouth is filled with air, and by the contraction of the 
muscles of the checks it passes into the blowpipe. 
This operation, simple as it seems, is difficult at 
first, from the habit of exerting all the musdes 
concerned in respiration when we blow. It is . a 
difficulty like that which a man experiences when 
he endeavours at the same time to turn his right 
arm and right leg in opposite directions. A little 
wearisome practice, therefore, is necessary to get over 
the custom of bringing the muscles of the chest into 
action with the muscles of the cheeks. The first 
thing to be attended to, is to keep the mouth ftdl of 
air, during a pretty long alternation of inspira- 
tions and expirations ; next, we must considex that 
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there is a small opening between the lips, by which 
the air escapes, so that the cheeks would collapse 
by d^ees, if the breath from the lungs were 
cut off from entering into the mouth. Now, to 
fill the vacuum which is thus formed, at the 
moment of expiration we admit a portion of air 
into the cavity of the mouth sufficient to renew 
the distention of the cheeks. Thus the air in the 
mouth is always in an equal state of compression, 
and escapes with uniform velocity through the 
little orifice. Such is the mechanism of the opcf^ 
ration in which the art of using the blowpipe con- 
sists. We may add, that the current of air which 
escapes by the beak of the instrument, is commoidy 
so minute, that it is not necessary to fill the cavity 
of the mouth at each expiration.^ This operation, 
though somewhat difficult at first, soon becomes 
easy by practice, and at length is performed with- 
out occasioning the least distress to the respiration. 
The only inconvenience that remains, when once 
arrived at that point, is a lassitude in the muscles 
of the oheeks, arising, independently of want of 
practice, from the beginner's generally pressing the 
mouth piece of the blowpipe more strongly than is 
necessary between his lips, and not sufficiently 
economizing the bjast. 

H.vi.« <«K>»npIiahed the totobj«t of keeptag 
up a steady blast, the next is to produce a good 

' In fewer words^ the operator must breathe through his 
nostrils, and blow with his mouth by the mere compression of 
the cheeks. C. 
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heat, which requires some knowledge of flame, and 
of its different parts. If we attentively consider 
the flame of a candle, we may remark several un- 
equal divisions in it, of which four may be distin- 
guished* Plate II. %. 5, represents the flame of 
a candle in its usual form. We see at its base a 
small part, a^ c, of a dark blue colour, which be- 
comes thinner as it gets farther from the wick, and 
disappears entirely where the external surface of 
the flame ascends perpendicularly. In the middle 
of the flame is a dark place, a, (/, seen through its 
brilliant covering. This space encloses the gases 
which issue from the wick, which, not being yet in 
contact with the air, cannot undergo combustion. 
Round this space is the brilliant part of the flame, 
or the flame properly so called ; and lastly, beyond 
this, we may perceive by attentive inspection the 
outer covering of all, c, e, slightly luminous, and 
whose greatest thickness corresponds with the sum- 
mit of the brilliant flame. It is in this outer part 
that the combustion of the gases is completed, and 
the heat the most intense. If we introduce a fine 
platina or iron wire into the flame, we see that the 
point of the wire where the ignition is most vivid, 
is situated on the confines of the brilliant flame, 
and in the external covering. If the wire be very 
fine, its real diameter appears singularly magnified, 
and this apparent enlai^ment (which is a pheno- 
menon of radiation of the same kind as that pre* 
sented by the fixed stars, when we ascribe appre- 
ciable diameters to them), increases as we approach 
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I 

the upper boundary of the bhie flasie^ so that this 
zone of tran^tion, where the air» as yet retaining 
its full dose of oxygen^ begins to meet the flame, 
is the place of the maximum of heat. This being 
granted, if we direct a current of air by the blow- 
pipe into th^ middle of the flame (pi. IL fig. 6), a 
long narrow blue flame, a, c, appears before the 
opening in the beak, which is the same as a^ c, in 
fig. 5, but its relative position is changed; instead 
of surrounding the flame it is now concentrated 
within it, where it forms a small cylinder. Toward 
the anterior extremity of this blue flame is the 
place of greatest heat, just as in the flame not 
acted on by the blowpipe. But whilst in the latter 
this place had the form of a zone^ or circumference 
of a circle, it is now reduced to a point incompar- 
ably hotter, and capable of fusing or volatilizii^ 
substances on which the flame in its common state 
has no sensible action. This enormous increase of 
temperature arises from the blowpipe throwing a 
condensed mass of air, which before only touched 
the surface of the flame, and spread itself freely 
about every part of it, on a small space situated in 
the middle. The change effected is somewhat the 
same, as if the flame had been turned inside out. 
On the other hand, the remaining portion of the 
bright flame which here surrounds the blue, pre- 
vents the loss of the heat produced.^ 

'We are indebted to Sir Humphry Davy for correct 
notions respecting flame. In the course of the experiments 
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Long practice is necessary to distinguish with 
certainty the maximum of heat, seeing that di£Fer- 



which led to the invention of his safety lamp (that glorious 
triumph of science over destruction), he successfully investi- 
gated the nature and properties of flame. He showed that 
flame (whidi he defines to be gaseous matter, heated to such a 
degree as to be luminous), in all cases, must be ^* considered 
as the combustion of an explosive mixture of inflammable gas, 
or vapour, and air, for it cannot be regarded as a mere com- 
bustion at the surface of contact of the inflammable matter ; 
and the fact is proved by holding a taper, or a piece of burn- 
ing phosphorus, within a large flame made by the combus- 
tion of alcohol ; the flame of the candle, or of the phospho- 
ruSjt will appear in the centre of the other flame, proving 
that there is oxygen even in its integer part." (Davy on the 
Safety Lamp, &c. p. 46.) He showed that a very high tem- 
perature (but difiering in degree for different explosive 
mixtures, in some inverse ratio of their inflammabilities, or 
of the heat they evolve in combustion) is necessary for 
these successive explosions to take place. ** If a piece of wire 
gauze sieve is held over the flame of a lamp, or of coal gas, 
it prevents the flame from passing it;'' ''the air passing 
through is found very hot, for it will convert paper into char- 
coal I and it is an explosive mixture, for it will inflame if a 
lighted taper be presented to it, but it is cooled below the 
explosive point by passing through wires even red hot, and 
by being mixed with a considerable quantity of air compa- 
ratively cold." (P. 47.) 

He showed that the beating e&ct of explosive mixtures 
depends on their containing such relative proportions of in- 
flammable gas and oxygen, as to ensure the perfect combus- 
tion of all the inflammable matter whilst in its gaseous state, 
but that a high degree of illuminating power results from 
an opposite, cause, namely, the ** decomposition of part of 
the gas towards the interior of the flame where the air is in 
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ent bodies^ have diffisrent modes of ignition, and 
that we are easily deceived by the light which they 

smallest quantity, and the depositiDn o£ itJidcharcoalf which, 
first by its ignition^ and then by its combustion^ increases in a 
high degree the intensity of the light." (P. 50.) Hence the 
ieeble pale coloured light when a safety lamp is burnt in a 
very explosive mixture of coal gas and air, and the brilliancy 
of the flame of a stream of coal gas burnt in the atmosphere, 
as he proved by the following experiments. '* I held a piece 
of wire gauze> of about 900 apertures to the square inch, 
over a stream of coal gas issuing from a small pipe, and in- 
flamed the gas above the wire gauze, which was almost in 
contact with the orifice of the pipe» when it burned with its 
usual bright light. On raising the wire gauze, so as to cau^e 
the gas to be mixed with more air before it inflamed, the 
light became feebler ; and, at a certain distance, the flame 
assumed the precise character of that of an explosive mixture 
burning within the lamp ; but though the light was so feeble 
in this last case, the heat was greater than when the light 
was much more vivid, and a piece of wire of platinum held in 
this feeble blue flame became instantly white hot. 

** On reversing the experiment by inflaming a stream of coal 
gas^ and passing a piece of wire gauze gradually from the sum- 
rait of the flame to the orifice of the pipe, the result was still 
more instructive, for it was found that the apex of the flame, 
intercepted by the wire gauze, afibrded no solid charcoal ; 
but in passing it downwards, solid charcoal was given off in 
considerable quantities, and prevented from burning by the 
cooling agency of the wire gauze ; and at the bottom of the 
flame, where the gas burnt blue in its immediate contact 
with the atmosphere, charcoal ceased to be deposited in visi- 
ble quantities. 

*^ This principle of the increase of the brilliancy and density 
of flame by the production and ignition of solid matter, ap- 
p^rs to admit of many applications. 

<' It explains readily the appearances of the different parts 
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emit. To attain this maximum we must neither hlovr 
too strongly nor too gently : in the fini ease, the 

of tbe flames of burning bodies^ and of flame urged by tbe 
blowpipe; the point of the inner blue flame where the heal 
18 greatest, is the point where the whole of the charcoal is 
burnt in its gaseous combinations without previous deposl- 
tion.»» (P. 50, 51.) 

At p. 54. Sir Humphry adds, <' whenever a flame is remark- 
ably brilliant and dense, it may be always concluded that 
some solid matter is produced in it : on the contrary, when a 
flame is extremely feeble and transparent, it mi^ be inferred 
that no solid matter is formed. 

*' The heat of flames may be actually diminished by in^ 
creasing their light (at least the heat communicable to other 
matter), and vice versa. The flame from combustion whidi 
produces the most intense heat amongst those I have examin- 
ed; is that of a mixture of oxygen and hydrogto in slight 
excess, compressed in a blowpipe apparatus, and inflamed 
from a tube having a very small aperture. This flame is 
hardly visible in bright day^light^ yet it instantly fuses very 
refractory bodies ; and the light from solid matters ignited 
in it, is so vivid as to be painful to the eye.'' (P. 55.) 

** The form of the flame" (of a common candle for in- 
stance) ''is conical, because the greatest heat is in the 
centre of the explosive mixture. In looking stedfastly at 
flame, the pait where the combustible matter is volatilised is 
seen, and it appears dark, contrasted with the part in which 
it begins to burn, that is, where it is so mixed with air as to 
become explosive. The heat diminishes towards the top of 
the flame, because in this part the quantity of oxygen ia 
least. When the wick increases to a considerable siae 
from collecting charcoal, it cools the flame by radiation, and 
prevents a proper quantity of air from mixing with its central 
part; in consequence^ the charcoal thrown off from the top. 
of the flame is only red hot, and the greater part of it escapes^ 
UQConsumed.*' (P. 102). 
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heat is carried off as soon as produced by the impe* 
taosity of the current of air,^ and beddes a part of 
the air escapes without assisting the combustion ; 
in the second, sufficient air is not supplied in a 
given time. A very high temperature is necessary 
whether we wish to try the fiisibility of a body, 
or whether we have to reduce certain metallic 
oxides, which part with their oxygen with difficulty, 
as the oxides of iron and tin* But our pyrognostic 



The interna] structure of flame has been neatly exhibited 
by Mr. Oswald Sym^ by dissecting it perpendicularly to its 
axis^ by means of wire gauze held horizontally across it. The 
inference he draws from his experiment is, that the entire 
flame is a hollow substance, that **the actual combustion is 
confined to the surface, and that the internal part is filled 
with volatilized wax. In short, the flame of a candle is an 
elliptical bubble.'' Some of Mr. Sym's coiiclusions have 
been called in question by Mr. Porrett, particularly his asser* 
tion that " flame is an opake substance ;'* but this note is al«- 
ready so long, that I can only refer the reader who may wish to 
pursue the matter farther, to those gentlemen's papers in the 
Annals of Philosophy, the first in vol. viii. p. 321, the second 
in vol. ix. p. 337# C. 

. * Perhf^s the explanation may be more satisfactory 
in the words of Sir Humphry Davy* ** A large quan«> 
tity of cold air thrown upon a smaU flame lowers its heat 
beyond the explosive point, and in extinguishing a flame by 
blowing upon it the effect is probably principally produced 
by the same cause.** (Safety Lamp, p. 46.) 

The injurious effisct of blowing too strongly, may, I con* 
ceivt^, rather be owing to the extinction of a portion of the 
flame, in the manner above mentioned, than to the heat being 
carried off as soon as produced, by the impetuosity of th^ 
purrent C^ 
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operations are not confined to obtaining the high- 
est possible temperature ; other phenomena must 
be produced which require a less intense heat. 
These are, oxidation and reduction, which are 
both easily affected, although diametricafly the re- 
verse of one another. 

Osidation ensues when we heat the subject 
under trial before the extreme point of the flame, 
where all the combustible particles are soon satu- 
rated with oxygen; the farther we recede from 
the flame, the better the oxidation is effected (pro- 
vided we can keep up sufiicient heat) ; too great a 
heat often produces a contrary effect, especially 
when the assay is supported by charcoal. Oxida- 
tion goes on most actively at an incipient red heat. 
The opening in the beak of the blowpipe must be 
larger for this kind of operation than in other 
cases. 

For reduction, a fine beak must be employed, 
and it must not be inserted too far into the flame 
of the lamp ; by this means we obtain a more bril- 
liant flame, the result of an imperfect combustion, 
whose particles, as yet unconsumed, carry off 
the oxygen from the subject of experiment, which 
may be considered as being heated in a species of 
inflammable gas. If in this operation the a^ssay 
become covered with soot, it is a proof that the 
flame is too smoky, which considerably diminishes 
the effect of the blast. Formerly, the blue flame 
was considered as the proper one for the reduction 
of oxides, but this idea is erroneous ; it is in reality 
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the brilliant part of the flame which produces 
deoxidation : it must be directed on the assay so 
as to surround it equally on all sides, and defend it 
{toil the contact of the air. 

I repeat, it is the combustible atmosphere^ in 
whidi ike assay is immersed, that most powerfuUy 
promotes its reduction ; for that produced by the 
charcoal, at its point of contact with the oxide, takes 
place as weU in the exterior as in the interior flame. 

The most important point in pyrognostic assays 
is the power, easily acquired, of producing at will 
either oxidation or reduction. Oxidation is so 
easy, that one need merely be told how it is to be 
done, to be able to do it ; but reduction requires 
more practice, and a certain knowledge of the dif- 
ferent modes of conflagration. A very advantage- 
ous mode of practice, in order to acquire the art i£ 
making a good reducing flame, is to fiise a small 
' grain of tin, and raise it to a reddish white! heat on 
a piece of charcoal, so that its surface may always 
retain its n^tallic brilliancy. Tin has so great a 
tendency to oxidation, that the moment the flatoe 
begins to become an oxidating one, it is converted 
into an oxide of tin, which covers the metal with 
an infusible crust. We must begin by operating 
on a very small grain, and gradually proceed to 
larger and larger. The greater the quantity of 
tin that he can thus keep in the metallic state, at 
a high temperature, the more expert is the operator 
in his art.^ 

' If a red hot grain of metallic tin be thrown on a paper 
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OF THE SUPPORl". 

Charcoal. — The suhstanee to be examined by 
the blowpipe must neoessarily rest on a solid body^ 
or be fixed in some manner in a steady position* 
The best support is charcoal The wood of a 
sound wdl grown pine tree, or l^ht woods in 
general are preferable. The dbarcoal of the fir 
tree is liable to cradde and scintillate, and to scatter 
the assay.^ The charcoal of hard compact woods 
gives so much ash, and that ash is somethnes so 
ferrugmous, that it should never be employed but 
for want of better ; for this reason, beech and oak 
are not fitted for the purpose. I have never yet 
had an opportunity of trying box-wood diarcoal. 
Gahn always conceived that it would be the best 
of aU for blowpipe experiments, but he seldom had 
the choice of any other l^an our pine-wood coal. Of 
the various kinds which I have tried in coontries 
where those above mentioned are not jfeund, it ap- 
peared to me, that the charcoal of white willow, or of 
the wiUow species in graeral, was thebest ; but I still 
prefer that fix>m the mature pine, cleft in the direc- 
tion of the grain,^ which may be divided by the saw 
into long paralellopipedons, and cleaned by simply 

tray, it wSl divide into seyeral smaller grains, which skip 
about the paper and burn with a very vivid light. B. 

^ I shall for brevity generally use this term to denote the 
subject of experiment. C. 

«"D6bite^ droit fil." 



SUPPORT. 81 

Uowing off the dust. In order to fix the flux to 
a pomt on the flur&ee of the support, one of the 
ends peipendicidar to the layers of the wood is to 
be dbofien fyt its receptacle; if placed on the secp- 
tion psastlM to the layers^ it would i^read ov^r th^ 
surftee. Although the epace between the woody 
layers n^ay jconaiume &ster than the layers them- 
selves, there is this advantage attendhig it, that 
the assay rests in that case merely on their summits, 
and thus often has only two or three points of 
contact with the diarcoal. 

It is almost needless to observe, that the char;- 
eoal we use must be well burnt : that which splits, 
SBiokes, «r bums v^th flame, is un^t &s the purw 
pose. Gahn had an idea that the chaicoal which 
aemetimes descends in our graduated furnaces 
(fommeaiQX gxaduees) down to the air hole, without 
nosisumiiig, woidd be better than any other for 
Uowpipe exf&dmeaUh because, havkig lost a por^ 
tion <€ it^ combustibiHty, it ought not to bum 
away ad fast. I, in consequence, collected a quan- 
tity of this charcoal. It was heavier, and more 
compact than common diarcoal, »id at the same 
time very difficnlt to bum ; but I was surprised to 
find that I could not obtain so high a heat with it 
as with the very combustible coal I usually em- 
]^ay. I at first supposed this difference to arise 
from the radiant heat (which in common char- 
coal flows from the ignited part near the assay), 
being essential towards raising the temperature ; 
but I soon disQowred my mistake, when on taking 
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SSI SUPPORT* 

hold of my new support, at a part very remote 
from the heated point, I found it so hot that I was 
obliged to let it go. Charcoal, therefore, in acquir* 
ing hardness, becomes a good conductor of heat, 
and the denser it is the better it conducts it : this, 
perhaps, is the reason also why it bums so slowly ; 
hence we see that it is unfitting for experiments 
with the blowpipe.^ 

Platina. — ^In those cases where the reducing 
effect of charcoal would be injurious, a support of 
platina is employed, sometimes in the form of a 
spoon, sometimes in that of thin foil or wire. 

Platina Spoons. — ^Gold and silver spoons were 
formerly used when a mineral was to be fused with 
soda, but being liable to be melted, platina spoons 
have been substituted for them. These, however, 
are become quite superfluous in experiment with 
the blowpipe, since it has been found that mineral 
substances may be heated with soda or charcoal, 
better than on any other kind of support Besides, 
the size of the spoon^ prevents our obtaining the 

I The ben charcoal that I know for the use of the blow^ 
pipe, is that which is made from aiders and is employed by 
the English manufacturers in making the coarser kinds of gun- 
powder. It is light, but sufficiently compact, extremely even 
in its texture, and, when well burnt, neither smokes, splits, nor 
scintillates. Straight pieces, and free from knots, should be 
selected. Box-wood charcoal is not eligible ; its density 
renders it too good a conductor of heat, and it is yery apt to 
split ; besides, it is not easy to obtain it in pieces of sufficient 
size. C* 

* By making the spodn of very thin foil, this objectkm 
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Very high temp6raturdSj which are often nee*- 
sary. 

Platina fdiL^^'WollBJAtCin substituted very thin 
platina foil, cut intb slips about two iliches long 
and half an inch wide, in the place of spoons. This 
foil, from its thinness, may be intensely heated, 
and when we wish to heat and oxidate at the same 
tim^, the flam^ is to be directed against the lower 
surface. Platina is so bad a conductor of heat/ 
that the slip of foil may be held in the fingers by 
one end, whilst it is r^d hot at the other. Snh^ 
stances in the metallie state, or those oxides which 
aife reducible per se before the blowpipe, must not 
be supported on platina foil ; for the platina will 
alloy with them, and ftize into holes. 

Platina /^ire.— ^Gahn, who knew the inutility 
of spoons, bnt was not acquainted with the use of 
platina foil, employed a platina wire two inches 
and a half long, and bent at one end into a hook, 
(pi. Ill, fig. 1) which serves as the support in the 
numner following. Hating moistened the hook 
with the tongue, it is to be dipped into the fl!ux, 
a portion of which will adhere to it ; thi« is to be 
fused by the lamp into a globule, which congeals 
and adheres to the curvature. The assay must 
then be n[u>istened, to make it adhere to the flux, 
which is now solid, and the whole heated together. 
We thus obtain an insulated mass, whi<;h may be 

tmnght perhaps be doire away, but still its form is objectron- 
aWe and difadvantageous. C. 
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conveniently examined without clanger of our being 
deceived by the appearances which sometimes en* 
sue on charcoal from the play of colour, when 
the assay globule is detached on a black ground. 
This method is much superior to either of the pre- 
ceding, and so completely answers the purpose, 
that in most cases, the pktina wire is preferable 
to charcoal, especially when the reduction of a me- 
taUic oxide is to be avoided. Generally speaking, 
all oxidations should be performed with the pla- 
tina wire, as well as those reductions in which 
change of colour is the only object in view. I may 
here remark, that platina is not at all attacked or 
acted on by the salt of phosphorus. I have endea^ 
voured in vain to phosphorise it, even though I 
heated the point of a platina wire in a mixture of 
boracic acid and salt of phosphorus, supported on 
charcoal before the blowpipe. When the reduc- 
tion has been carried as far as is judged necessary, 
and we wish by suddenly cooling the globule to 
prevent its oxidating afresh, we may throw it whilst 
in frision, by a gentle tap against the wire with 
the finger, on some cold body, as a porcelain cap* 
sule, or an anvil, where it will cool immediately. 
We should be provided with several of these pla- 
tina wires, to avoid the necessity of forcibly detach- 
ing the glass, or of being obliged to wait whilst it 
slowly dissolves in water. 

In travelling, good charcoal is extremely hard 
to be met with, and a large quantity of it is trou- 
blesome to carry about. The platina wire is then 



rfisolutely infispensable, and enables u^ to save 
our chal'coal for experiments of reduction, or for 
roasting metallic sulphurets, or arsenical alloys. 
The diameter of the platina wire is arbitrary ; the 
finest is the best, provided it be thick enough not 
to bend with the blast. If too thick, it absorbs 
too much heat. 

Disthene, or Cj/anite, was employed as a support 
by Saussure the elder, but it is in no respect pre- 
ferable to platina foil, and has the disadvantage of 
being acted on by the fluxes. 

Plates of Mica may be used in roasting oi*es, 
when the deoxidating effect of charcoal on the partid 
of the assay in contact with it, might be injurious^ 

Glass Tubes. — ^When it is necessary to roast a 
substance to ascertain what it is combined with, I 
use a glass tube two inches long at least, and about 
l-8th of an inch in diameter, and open at both 
ends. I introduce the assay into it at a little dis- 
tance from one of the ends ; and, according to the 
temperature required, I heat the tube either with 
the spirit lamp, or with the common lamp by 
means of the blowpipe, inclining it more or less 
(the part containing the assay being held down- 
wards), as it is necessary to pass a more or less 
rapid current of air over the assay. The volatile 
substances, not permanently gazeous, sublime and 
condense in the upper part of the tube, where their 
nature may be ascertained. This little apparatus 
is seen at pi. III. fig. 2* 

Matrass. — For ascertaining the presence of 

B 2 
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water, or any other volatile incosnbustHble con*^ 
f ained in a mineral ; or if the mineral decrepitate 
violently, it is best heated in a matrass or flask, 
(pi. Ill, fig. 3) whose body is suffideoj^ly large to 
allow the air to circulate, and the volatile sub- 
stances to rise. But if we have combustible sub- 
stances, as sulphur, arsenic, &c. to separate from 
the assay by sublimation, the body of the flask must 
be small, since the renewal of the air in a matrass 
of the former kind^ might occasion the combustion 
of the disengaged substances.^ Engestrom heated 
^crepitating substances in a hole made in a piece 
of charcoal, and covered with another piece, leaving 
z, small opening to introduce the flame. Bergman 
used a glass tube, or a spoon with a cover. Wollas-^ 
ton ^aps the substance in pktina foU. 

As the matrass (fig. S) is seldom so much heated 
as to be injured, it may be used repeatedly ; but 
the glass tubes,^^ especially the open ones, cannot 
be heated a second time, without danger of their 
breaking at the place where the assay rested, and 
they were exposed to a high temperature; but 
that portion may be cut off with a file, the in- 
terior cleaned, and the end closed again if necessary, 
and then they may serve for several experiments* 
It is well, however, to have a good supply of each 
sort^ as they are continually in request. 

I A glass tube of small diameter, and closed at one end bjc 
the lamp, is best adapted to this operation. C. 
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ADDITIONAL INSTEUMfiNtS. 

Forceps ^re used to hold a small lamina of a 
substance, when we wish to try its fusibility. 
Their extremities, at leasts i^oiild be made of pla- 
tina. PI. Ill, fig. 4 and 5, rej)re£ient the form of a 
piir on the best eonstruction. Seen in two direc- 
tions ; db^ ab, are two thin plates of steel, each 
haying a piece of platina rivetted on its extremity, 
b. These plates are fastened in the middle to the 
same iron plate, e, e, so as to form a double pair of 
forceps, steel at one end, and platina at the other. 
An interval is left between the plates at the steel 
end, but the platina extremities are made to shut 
dose together, by the spring of the steel to which 
they are rivetted. To open them, we press the 
fore finger and thumb against the two buttons, df d, 
each of which is fixed in one plate, and passes 
through the other. The platina pieces must be 
strong enough at i, to resist the pressure of the 
steel spring, diminishing in breath and thickness 
from b to c, that they may not carry off the heat 
too much from the assay. The steel ends must be 
hardened at a, that they may not be batttted 
when used to detach a particM for frusion frond the 
mineral to be examined. These forceps were 
brought from France, and perfectly answer their 
purpose. 

Those used for the same purpose in Engknd 
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have a different and less convenient form. PL III51 
fig. 6, is a side view of one of these instruments. 
The branches, ab^ are of brass, fixed together at a ; 
they terminate like the former in platina points 
rivetted on ; they stand open, but may be closed 
by a button, d, with two heads, which slides back- 
wards and forwards in a slit cut in the branches. 
When the button is pushed from j, towards c, the 
branches approach each other, and their points 
touch when it is plac^ against the pieces, e, e, 
which are nothing else but two pieces of wood 
fixed to the branches, and by which the forceps 
are held. Brass is so good a conductor of heat, 
that without this precaution we should be in dan- 
ger of burning our fingers after the blast had been 
kept up for a few moments on the substance con? 
tained between the points.^ 

PI. Ill, fig. 8, is a pair of forceps for large pur-> 

* Fig. 7 is a pair of platina forceps, the extremities of 
which are exca¥ated similar to an ear pick, a ; and, when 
shut, will contain any small gem or substance liable to decre* 
pitate during the application of heat. They are provided with 
a slider, i, that secures them from opening during the pro- 
cess, and will be found extremely useful in examining bodies 
which are liable to dispersion when heat is applied. 

For fig* 7, and the preceding description of it, I am 
obliged to my friend, Mr. Pepys, by whom this very service- 
able little instrument was invented. Decrepitation is a mo-, 
mentary phenomenon ; it ceases when the assay has been 
once heated red; after that it may be treated without any 
envelope. C, 
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poses. The button, J, d^ is furnished with a steel 
spring behind, to prevent its sliding back when the 
cheeks are opened wide. 

Cuttmg pliers, made thick and strong in the 
cutting part, are useM for detaching small por- 
tions from a specimen, without injuring it. 

A pair ofpliers, terminating at one end in a 
point, are useful in trimming the lamp. 

Hammers. — Two of hardened steel are ne- 
cessary. The face of one should be round and 
polished; it is used to flatten the grains of re- 
duced metal : its other end must have the form of 
a narrow cone, with an obtuse summit, and serves 
to detach portions of the mineral to be examined, 
when it is required to confine the blow to a small 
part of the surface. The face of the other hammer 
should be square, and its edges shaip ; its opposite 
end is formed like, and serves the purpose of, a 
chissel. This hammer is useful for chipping off 
small portions from a specimen for examination. 
All its edges should be kept sharp. 

jinviL — A paralellopipedon of steel of about 3 
inches long, 1 inch thick, 8.4th6 of an inch wide, 
and polished on all its faces, is most convenient for 
this purpose. It is used to crush pieces of minerals, 
which are to he wrapped in paper and laid on the 
anvil, and struck with the hammer. The paper 
prevents the dispersion of the fragments. When 
we would try the malleability of a grain of reduced 
metal, it is to be treated in the same manner. 

Bergman's iron ring, which he placed on the 
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apvil to prevent the firagm^nt^ froiu being scattered 
abput, is unneces8^. and. besides, does not answer 
the purpose. 

Knife.'-^A knife of hard steel of the siae of a 
penk^ile, with a shaxp but not too fine edge and 
point, is. useful for trying the hardness of bodies^ 
whi^h is estimated by the greater or less resistance 
they oppose to it. Its pQJnt idso, preyioudy moisten- 
ed by the inoutb» ^e^es to take up portions of the 
fluxes, and» if necessary, to knead them with the 
pi|lveri^ mineral in the palm of the left hand. 
In short, the knife is one of the most indispensable 
instruments used with the blowpipe. 

jFi/^i9.-^A triangular, a flat, and a round, ov 
half Bound file are useful. 

A small agate mortar and pei^tle. The smaller 
the better. That which I use is scarcely two 
inches in diameter, and half an inch high (xn the 
outside. Its cavity is 5*l6ths of an inch less, m 
breadth and depth.^ 

It is desirably that the bottom of the mortar 
be somewhat transparent ; but it should be qtdte 
free from cradles aAd crevices, in whkh the puhre? 
rised substances would lodge. 

' Gahn hiivkig once lost tbe pestle, of a sknild^ mortar^ 
took a button of calcedony of suitable diameter, and fixed i^ 
witb sealing wax to a cork. This new pestle was the only 
one he ever used afterwards. I have been obliged to have 
recourse to the same expedient, and have thought it right 
to menUon it in this place, fo)r the use of those who may ^I 
into a sin^lar predicament. B« 
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A small piece of pununiGe stone uhxnM be kept 
at haiid» fa remove the traces sometiines left on 
the sur&ce of the mortar by metalliferous sub* 
stances. 

A Miscro^cope with one or two plano-conyex 
Icais^ of different powers^ which form Dr. WoUaa* 
ton has shown is best adapted to enlarge the field oi 
dktinct Tisioit In the sort of esqpaiments we are 
treating o^ the miscroscope is often mdispensable to 
ascertain the result, and we must be cautious how 
we decide as to colour, before we have examined 
the object by its means, for the light reflected by 
the charcoal on small globules of glasis often pro^ 
duces| false appearances which the microscope eor« 
rects. 

A bos with compartments to hold the fluxes, 
aind a tray of sheet iron not tinned, lined with white 
paper, to catch the particles that may fall from the 
support during an experiment, are useftd. 

A glass tube with a fine orifice, passing through 
a cork fitted to the neck of a phial half full of 
watar, is convenient for washing the charcoal 
powder from the grains of reduced metal, in cer- 
tain exporiments.^ 

 

^ This is a Beat eoatrivaUGe of Dr. Woliaston's Ibr dropping 
water. Berzdius mUs it the ^^ fountain of comprtswm^' and 
describes the mode of iisiog it, thus. " The cork is fixed in 
the seek of a flask half full of water, which is turned upside 
down, and into which t«e Uoto, io a» to compress the air xoUhinf 
This «r, by afterwards dila^g, produces a fountain;'' which 
he might have added, will pli^ in tlie &i^ of the operator,' 

6 
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A polished blood stone is useful to rub the me-^ 
tallic substances on, that have been reduced but 
not fused, in orda: to ascertain if they be possessed 
of metallic brilliancy, &c. 

Small porcelain capsules^ are useful to hold the 
fragments that have been, or are to be examined, 
&c. 

Order in the arrangement of the various instru- 
ments is very essential, so that the operator may 
in a moment lay his hand on whatever he may 
want,^ 

The following apparatus is not particularly con- 
nected with the uses of the blowpipe, but is conve- 
nient. PL III. fig. 9, i, A:, is a small vice sliding 
on an upright brass rod, furnished with a foot 
(not shown in the plate), to which it is fixed by the 
screw, k; the opening, f, receives the triangle, a 9 b, r, 

88 soon as he removes the bottle from his mouth. The dila* 
tation of the air by the heat of the hand, is all the expan* 
sive power necessary to expel the water, and I believe the 
only one intended to be applied. It is convenient to have 
the tube bent nearly at a right angle, about an inoh from the 
orifice. C. 

> Or watch glasses. C. 

^ Here follows a long detailed description of a table, with a 
drawer at each side, and four in front, divided into moveable 
compartments of tinned iron,jto hold the various instruments^ 
&c. not forgetting a hook xmih a tomeljixed to the right leg of 
the table I Next comes an equally elaborate description of a 
red morocco case to hold a travelling blowpipe apparatus. 
These things are all very useful, but I cannot agree with my 
author, that a particular description of them is necessary. 
I have, therefore, omitted them. C. 
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and is tightened by the screw, /. At d, is a joint 
to fold the triangle together for the convenience of 
travelling, &;c.; e^f^ g^ h, on the side a^ A, are small 
holes, each intended to receive one end of a steel 
wire, bent at a right angle, whilst the other end, 
fihnilarly bent, fits into the corresponding hole on 
the side 6, c. The large triangle, a, b, c, may 
thus be divided into four smaller ones, according 
to the diameter of the capsule or crucible intended 
to be supported by it. The triangle is made of 
strong iron plate, and the length of its side is 
about 2-^ inches. 

A magnetic needles A, and Hauy's Electrical 
needle, B, (pi. Ill, fig. 10,) to which the pivot 
(fig. 11.) serves as a common support, are neces- 
' sary ; also a small bar magnet, to produce an equili* 
brium between the mutual action of the magnet 
and the magnetic needle, and that of the needle and 
the earth, after the manner pointed out by M. 
Hauy.^ 

' This experiment for rendering very weak magnetic at- 
tractions perceptible, is performed as follows. The magnetic 
needle is suspended on its point, and when it has taken its 
position in the magnetic meridian, the magnet is placed at a 
certain distance from it, the north pole, for instance, of the 
magnet^ being opposed to the north pole of the needle. The 
magnet is then gradually approached towards the needle, 
till, from the mutual repulsion of the similar poles, the needle 
has taken a direction perpendicular to that which it had at 
first. The repulsion of the magnet is now in equilibrium 
with the magnetism of the earth, and the least force acting 
on the needle will overcome it. By this arrangement, very 
small magnetic attractions may be rendered evident, which 

4 
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A cylindrical case open at bath ends. (PL III^ 
%. IS.) One half of the cylinder k oeeupied by 
a foot or stand made cf a glass tube^ filkd with 
sealing wax, and terminated by a small steel point, 
on which the electrical needle, B, (fig. 10,) osdl- 
lates, when it is required to insulate the stand. The 
other end of the case contains a conical standi also 
made of sealing wax, to which is fastened the hair 
of a cat. This electroscope, invented by Hauy, is 
the most sensible known, and renders all others 
:anK»t mmecessary in phyriccvmiMralogical re- 
searches. The hair is negatively excited,^ by 
drawing it through the fingers, after which it is 
attracted or repelled by any electrical body to 
which it is presented, according as that body is 
positively or negatively electrified. If the hait' 
have not been excited, it is attracted alike by aU 
electrical bodies, and discovers eleetridty of too 
feeble intensity to have any influence on the elec- 
trical needle. 

To these articles may be added a pair of small 

would have no action on the needle in its oidinery position; 
In this experiment, care must be taken not to communicate, 
in handling it, any electricity to the mineral examined^ since 
it would act on the needle as a magnetic power. B. 

' ** Ou frotte le poil entre ses doigts pour y suseiter Pelec« 
tricite nSgatvoe.^* I think this is a mistake. I stuck a hair 
from a oat*s back to the end of a stick of red sealing wax, 
and excited it by drawing it through my fingers. It was at^ 
tracted by excited sealing wax, and repelled by anelxdtied 
glass tube. The same eflect took place when I excited the 
hair by silk. Its electricity must, therefore, be positive. C. 
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sci^nars, a pgir of small tocpgs to hold omcibles, 
&c. when heated by the epiiit lamp; ar touch stoney 
and some assay needles, made of alloys of gold of 
di£Pearent standards, for trying the purity of gold. 



OF TPE HEAGEINTS, AND THEIR tJSE* 

Cronstedt commonly employed only three rea- 
gents, — subcarhonate of soda, borate of soda, and 
the double salt formed of phosphate of soda, and 
phosphate of ammonia. I shall henceforth, for the 
sake of brevity, call these simply soda, borax, and 
salt of phosphorus. 

ITiese reagents are still employed ; and in the 
multitude of substances which have been tried 
since the time of Cronstedt, there is not one pre- 
ferable to either of the above in their respective 
uses. It is singular, that in the infancy of the 
art, the best should have been hit upon. To these,, 
which are the principal, and always in request, others 
have since been added, not so frequently wanted 
indeed, but which it is necessary to have at hand 
for particular cases. I shall treat, in succession, of 
the different salts employed^ and explain the ob- 
ject to which each is applicable, and the method 
of using it. 

Soda. — ^^(Carbonate of Soda.) We may take in- 
differently, either the carbonate, or the bicarbonate, 
but both must be perfectly pure, and especially, 
free from sulphuric acid. The best method of ob- 
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taining the bicarbonate, is, to impregnate a con** 
centrated solution of purified soda, such as is found 
at the druggists, with carbonic acid gas. In this 
operation the bicarbonate precipitates in the form 
of small crystallized grains, which are to be twice 
washed in cold water and dried. The salt, either 
previously ignited or not, is reduced to fine powder. 
If not ignited, it is more bulky, but there is this 
inconvenience from igniting it, that if the knife 
with which we take up portions of it be wet, the 
moisture gradually communicates to the whole 
mass, and causes it to collect into coarse lumps. 

Two principal objects are connected with the 
use of soda ; 1st, to ascertain if bodies combined 
with it be frisible or infrisible ; 2dly, to assist the 
reduction of metallic oxides. In both these respects 
it is one of the most indispensable reagents. 

(a.) Of the fusion of bodies by soda. A very 
large number of bodies have indeed the property 
of combining with soda at a high temperature, but 
most of these combinations are invisible. It is 
only with acids, and a small number of metaUic 
oxides, including silica, that it forms fusible com- 
pounds, which for the most part are absorbed by 
the charcoal. 

Of these compounds, the glass formed with 
silica, or siliceous minerals, of which I shall speak 
more ftdly when we treat of that oxide and the 
mode of examining the silicates, occurs most fre- 
quently. With regard to the use of soda, many 
minutiae are to be observed. We take up the 
necessary quantity with thq. point of a small knife^ 
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pteviously moistened by the mouth to make the 
powder adhere to it It is then applied to the palm 
of the left hand, and, if necessary, moistened again, 
SO as to form it into a coherent mass. If the sub- 
stance to be tried be pulverulent^ it must be kneaded 
in the hand with the soda, but if it be in the form 
of a spangle or grain, the soda is applied to its sur- 
&ce ; it is then heated on charcoal, at first to dryness, 
and afterwards till it fuses. It commonly happens, 
that the soda is absorbed by the charcoal the in« 
stant after it is melted ; but this does not prevent 
its effect on the assay ; for if it be fusible with the 
soda, it soon after pumps it up again, (la repompe), 
a continued effervescence appears at its surface, its 
edges become round, and the whole is transformed 
into a fluid glass globule. If the assay be infti- 
sible in soda, but decomposable by it, it is per- 
ceived to swell up by degrees, and change its ap- 
pearance without fusing. Ere we pronounce on 
the inftisibility of any substance with soda before 
the blowpipe, we must always try a mixture of 
the flux, with the substance reduced to powder. 
If we take too little soda, a part of the matter re- 
mains solid, and the rest forms a transparent 
vitreous covering around it ; if we take too much, 
the glass globule becomes opaque on cooling. 

The assay may perhaps contain some substance, 
which, being infusible in the glass of soda, des- 
troys its transparency ; in that event, to avoid 
being deceived with respect to the nature of the 
glass, we must in the two before-mentioned cases. 
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add a fresh portion of the matter supposed to he 
wanting, and thus endeavour to obtain a dear glass 
globule. In general, it is best to employ the soda 
in small successive doses, observing the changes pro^ 
dueed by the different proportions of the flux. It 
sometimes happens, ^t the glass becomes coloured 
at the moment it begins to oooU and ends by assum* 
ing a tinge, which may vary fiom yellaw to deep 
hyacinth red ; occasionally it even becomes opaque 
and yellowish brown. These appeanmces occur 
if the soda contain sulphuric acid^ or only sulphur^ 
and the discoloration is the consequence of the 
h^Mir, or Uver of sulphur, formed by the reducing 

. action of the charcoal. If it always ensue with 
the same soda, it is a proof that it contains sul- 
fate of soda, and must be rejected,^ otherwise it 
is the assay which contains sulphur, or sulphuric 
acid. 

Gronstedt and Bergman directed minerals to be 
fused with soda in a metal spoon, because they 
supposed the absorption of the soda by the char^ 
coal would prevent its action on the assay. Gahn 

* never employed a spoon in this case, for the fused 
mass spreads over metallic surfaces, whilst on char- 
coal it assumes a globular form, in which state we 

1 It 18 best to aacertain that the soda do not contain any 
sulphate before it is used. For this purpose, dissolve a small 
portion in distilled water; and, to the clear solution, add a 
few drops of muriate of baryta. If the precipitate be not 
wholly soluble in muriatic acid, the soda contains some sal<> 
phate. C< 
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can inore accurately judge of its colour and traiig- 
parency. 

{b.) Reduction of metallic oxides^ — This mode 
of assaying, by which we often discover portions 
of reducible metal so niinute as to escape detection 
by the best analyses made in the moist way, is, in 
my opinion, the most important discovery that 
Gahn ever made in the science of the blowpipe* 

If we place a small piece of native or artificial 
oxide of tin on charcoal, a skilM operator Will be 
able, with some exertion, to produce from it a stnall 
grain of metallic tin ; but if a little soda be added, 
the reduction is easily effected, and so completely, 
that, if the oxide be pure, it is wholly converted 
into reguline tin. Soda therefore manifestly fa- 
vours the reduction ; but we are ignorant of its 
precise mode of action. When the soda sur- 
rounds the substance to be reduced, we may ima- 
gine that this reagent, which, by its interposition 
between the assay and the charcoal, prevents 
rather than facilitates their contact, may itself 
be reduced in a certain degree by the action of 
the blowpipe, the consequence of which is the re- 
duction of the oxide imbedded in the soda, by the 
base of the soda or its suboxide. If the metallic 
oxide contain a foreign body, incapable of being 
reduced, the reduction of the former often becomes 
more difficult in consequence ; but if we add a 
little borax, this reagent will co-operate with the 
soda in dissolving the foreign substance, and the 
reduction will be speedily effected. This experi- 

E . 
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ment is easily p^&rmed, and tfaa nature of the 
metal the move ^y ascertained, from our gen«- 
rally knowing by previous trials, that of the aside 
opiated on ; hence the reduction is only a confir- 
mation of a pevious conclusion. Bergman has des- 
cribed this process. 

Suppose now, that the metallic oxide be mixed 
mtb a comparatively large quautity of irreducible 
substances, and that its presence be either un- 
known, or impossible to be asc^tained by other 
similar experiments ; how are we to discover whe- 
ther the assay contain a reducible metal, and if it 
does, how are we to prove it ? Gahn has given a 
simple, solution of this problem. 

The assay, being reduced to powder, is to be 
kneaded in the hollow of the left hand with mois^ 
tened soda, the mixture placed on charcoal and 
exposed to a good reducing heat; then a little 
more soda is to be added, and the blast renewed. 
As long as any particle of the assay remains on the 
surface of the ch!aa,al, soda is to be added in small 
doses, and the blast continued till the whole mass is 
absorbed by the charcoal. The first portions of soda 
serve to coUect the metallic particles^ which were dis- 
persed through the whole matter of the assay,andthe 
final absorption of the latter completes the reduction 
of whatever till then had retained the atate of oxide. 
This done, the charcoal is to be extinguished with 
two drops of water, and the portion containing the 
absorbed matter being removed with a knife, is to bQ 
reduced to very fine powder in an agate mortar. 
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This fowdar i$ thmto h& w«6hed with vrtter to 
&ee it from the eharooal which forms its %hte9t 
part, for which purpose we me the little fountain 
of compresaiw.^ The grinding and washing (the 
latter requires particular attention) are to be re- 
peated as ofteu as necessary, till the whole of the 
charcoal is got rid of. If the assay contained no 
metallic substance, nothing remains in the mortar 
after the last washim?. But if it contained any, 
however small a poition of reducible metal, it wm 
be found at the bottom of the mortar in the form 
of little brilliant leaves, if Visible and malleable ; 
or as a. powder, if brittle and not fused. In eith^ 
case we perceive on the bottom of the mortar 
metallic traces, arising from the friction of the 
particles of metal against the agate, provided the 
quantity of metal contained in the specimen w9s 
not too small. The flattening of malleable me- 
tals transforms an imperceptible paxtide into a 
round shining disc of sensible diameter. Thus we 
may detect by the blowpipe in an assay of the 
usual size, 4- per cent of tin, and even the slightest 
traces of i^opper. 

We must endeavour in these experiments, 1 $|;, 
to produce as strong a heat as possible, by direct- 
ing the reducing flame, so as completely to cover 
the sjurface of the frised mass; 2dly, to leave 
nothing in the charcoal, and to lose none of the 
assay when we coUect^ it ; for though the p^rtidb^s 

> Sm ii4>U, f age 41 . C. 
E 2 
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of the metal may be fused into a globule in some 
part of the mass, we know not where the globule is ; 
Srdly, to grind the carbonaceous mass sufficiently ; 
4thly, to decant very gently, so that only the 
lightest and finest particles may be carried off by 
the water ; 5thly, not to attempt to ascertain the 
result tiU the whole of the charcoal be got rid of; 
since the smaUest remaining portion might be suffi- 
cient to conceal the little metallic spangles, and 
the particles of the charcoal themselves, seen in a 
certain light, display a metallic lustre, which may 
deceive an inexperienced eye : and, lastly, we must 
not be content with examining the result with the 
naked eye, but inspect it carefully with the micro- 
scope, if it be only to satisfy ourselves that we have 
judged accurately concerning it. When the bot- 
tom of the mortar, by long use, has become uneven, 
the small cavities which it contains are sometimes 
filled with air, and form bubbles under water, 
whose convexity reflects light like a polished me- 
tallic surface. The nature of the reflecting surface 
is easily detected by turning the bottom of the 
mortar to the light ; if it be a bubble, the light 
will be seen through the spot it occupies, but if it 
be a spangle of metal, the spot will be opaque. 

The metals reducible by this process (besides the 
noble metals), are molybdenum, tungsten, anti- 
mony, tellurium, bismuth, tin, lead, copper, nickel, 
cobalt and iron. Of these, antimony, bismuth, 
and tellurium are easily volatilized by a strong 
reducing flame. Selenium, arsenic, cadmium, zinc. 
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and mercury, volatilize so completely, that they 
cannot be collected without a little subliming ap- 
paratus. 

The reduction is always effected at the first 
trial, if the assay contain from 8 to 10 per cent, 
of metal. But as its proportion diminishes, more 
attention and practice are necessary to keep it in the 
mortar and ascertain its nature. A good method of 
practising oneself in thiskind of operation, is to select 
a substance containing copper, and make several 
experiments of reduction with it, mixing it every 
time with a larger proportion of matter containing no 
copper ; thus the metallic standard diminishes with 
every fresh experiment, and when we have arrived 
at such a proportion that we cannot effect the re- 
duction of the copper by a first operation, we 
must repeat the trial tiU we succeed in developing 
it. By exercising oneself in different trials of this 
kind, we soon become expert in such operations, 
which only require a little address and practice. 

If the assay contain several metals, the reduc- 
tion of these oxides is commonly made in global 
and we obtain for our regulus a metallic alloy. 
A few reduce separately, as copper and iron, which 
give a regulus of each metal, — copper and zinc, the 
former gives a r^ulus of copper, the latter sub- 
limes. But when the result of the operation is an 
alloy, in order to find what metals it is composed 
Qf, we must have recourse to particular effects pro* 

I jSo in the text. C< 
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duoed by oth^ fluxeis. FurtW on I shall des*' 
cribe the distinguishing characters of each metal-* 
lie oxide. 

For want of soda, vre may employ potass^ in all 
the preceding instances; but soda is preferable, 
first, because its carbonate is not deliqueseent like 
that of potassa, and, secondly, the capadty of satu- 
ration of soda is to that of potassa, (all circum- 
stances being equal) as 25*58 : 16'95 ; that is to 
day, in the ratio of the qnantity of oxygen they 
contain. 

2. Borax. — The borax of commerce should be 
dissolved and crystallized afresh, before it is used 
fys experiments with the blowpipe, Gahn used 
often to remaric, that in fiising borax of commerce 
with soda on charcoal, till the two salts are absorb- 
ed, a white metal is frequently obtained frcmi the 
ma<», wMefa seems to iHTderived fiom die vessels in 
whidi the borax is refined. This does not happen 
mth re^nm^A borax. 

The borax is kept either in smaH grains, of the 
Axe required for experiment, or in powder, in 
which ease it is taken up like the soda, with the 
nloistened point of the knife* Some opetaUm 
fuse it to get rid oi its water of crystallisation, aM 
thus avoid th^ intumiescenee which preCeeds the 
fiision of the crystal containing water, on the diar^ 
dbalv This were a very good precaution, but that 
the borax soon reoovers its water of crystallization, 
and swells up before the blowpipe as at first, though 
in a rather less degree, I always use my borax 
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an-calcined» for the intumesoefice ia a idightin^ 
convenience, and it is easy to melt the mass into a 
globule. 

JBotat is used to ^ect the sohiticm or fesion of 
a great natliber of substances. According as <ibe 
matter to be dissolved is pulverulent or granular^ 
it is spread over the borax at the instant of itft 
swelling up, on: fixed on the fused globule by being 
moistened. In general, we begin by attempting 
the solution of a spangle^ because, if the assay 
be in the fc(tm of a powder in experiments of 
this kind, we cannot distinguish accurately tiie 
parts of the assay not attacked by the flux, 
from certain insoluble substances which may be 
present ; and this distinction is often very impor- 
tant. We examine if the ftision of the bodies be 
effected slowly or readily, without any apparent 
motion, or with effervescence; if the glass r^ 
suiting from the ftision be coloured, and if tibe 
colour be different with the oxidating flame from 
what it is with the reducing ; lastly, we observe if 
the colour increase or diminish by cooling, and if 
at the same time the glass preserve or lose its 
transparency. 

Certain bodies have the property of forming a 
clear glass with b(»^x, which preserves its transh 
parency after cooling, but, when slightly heated by 
the exterior flame of the lamp, becomes opaque and 
turns milk white, or is coloured, particularly if the 
flame has been directed on the glass in an unequal 
and intermitting manner. Such are akalin^ 
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earths, y ttria, glucina, zircon, the oxides . of ce^ 
riuin> columbium, titanium, &c. But one condi-r 
tion of this phenomenon is, that, to a certain point, 
the glass be saturated with the oxide or the earth. 
The same thing does not happen with silica, 
alumina, the oxides of iron, manganese, &c. and 
the presence of silica is sufficient to prevent the 
appearance of the phenomenon with thpse earths 
which form a glass with borax liable to become 
opaque, so that it does not ensue at all with their 
silicates, or only when the glass is supersatur^rted 
with them. To avoid prolixity, I shall say hencer 
forth of a body presenting this phenomenon, th^t 
its glass becomes opaque by flaming {auflamber). 

The use of borax is founded on the tendency of 
its component parts to form compounds that are 
all fusible, though in diflferent degrees, On one 
hand it dissolves bases, and forms with them a 
fusible double salt with excess of base; on th^ 
other it dissolves acids, amongst which I place 
siBca, and even to a certain extent alumina, and 
forms with them acid and fusible double salts. A^ 
all these salts commonly preserve their transpar 
rency on cooling, we can hence judge the mor^ 
certainly of the colour which the compound ac- 
quires from the substance dissolved. 

3. Salt of phosphort^.rr^To procure this gait, 
dissolve 16 parts of sal ammoniac in a very small 
quantity of boiling water, and add 100 parts 
of crystallized phosphate of soda; liquefy the whole 
together by beat, and filter the mixture whilst; 
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boiling hot ; the double salt will cryfitallize as it 
cools. The mother water that remains contains 
^mmoB salt, and a certain portion of the double 
phosphate. We cannot, however, obtain the latter 
by evaporating the mother water, for the common 
[salt would crystallize with it ; besides, the double 
jsalt becomes acid duri^g the evaporation, and 
must, therefore, be saturated with ammonia when 
jset to ^stallize, if we would obtain a further por« 
tion from it. If the salt of phosphorus be not pmre, 
it gives a glass which becomes opaque on cooling. 
In that case, it must be re-dissolved in a very small 
portion of boiling water and (crystallized afresh, 

The salt of phosphorus may be kept in large 
grains, or in powder. The crystals are gene^ 
rally of a convenient size for experiment. Heated 
before the blowpipe on charcoal, it boils up, intu- 
mesces a jiittle, and gives out ammonia ; acid phos* 
phate of soda remains, which flows quietly, and 
forms a transparent colourless glass as it cools, . It 
^ts as a reagent principally by means of its free 
phosphoric acid, and the advantage of employing 
this salt, rather than the acid itself, is, that the 
latter is very deliquescent, much more costly, and 
is readily absorbed by the charcoal. The salt of 
phosphorus therefore shews the action of acids on the 
assays ; its excess of acid seizes on all their bases, and 
forms with them more or less fiisible double stilts, 
whose transparency and colour may then be exa- 
mined. Consequently, this flux is more particularly 
applicable to the examination of metallic oxides, 
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whose characteristic colours it developes much bet- 
ter than borax. 

The same flux exerts a repellent action on 
a<ids. Those which are volatile sublime, whilst 
the fixed acids remain in the mass, and divide the 
base with the phosphoric, or yield it entirely to it ; 
in the latter event, they remain in suspension in 
the glass, without dissolving in it. In this respect 
the salt of phosphorus is a good reagent for the 
silicates; it sets the silica free, which then ap- 
pears liquefied in the salt as a gelatinous mass. 

4. Saltpetre.'^hong thin crystals are to be se- 
lected, and kept in that state. The use of thi6 
reagent is very limited, and its object is to com- 
plete the oxidation of substances which have partly 
resisted the action of the exterior flame. This is 
efiected by plunging the point of a crystal of salt- 
petre in the liquid mass ; but in order to prevent 
the cooling of the globule, we have the crystal 
ready in a pair of pincers, which we hold between 
the third and fourth finger of the right hand (this 
does not prevent our managing the blowpipe with 
the same hand), and the moment we cease blowing, 
plunge it in the assay globule, and keep it there 
for an instant. The fused mass intumesces and 
becomes frothy; sometimes it assumes colour, 
whose tint becomes distinct on cooKng ; sometimes 
it exhibits no colour till completely cold. We 
need not continue the blast after the intumescence 
of the assay, for it is then that the eflfect is most 
distinct. Saltpetre is but little employed, except 
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to discover portions of manganese that ^e tod mi^ 
tittte to colour the glass without it ; and since we 
have found still more delicate methods of acoom*« 
plishing this, it is become almost useless. 

5. Nitrified boracic acid is kept in coarse 
powder. Its use is limited, but necessary to de- 
tect phosphoric acid in minerals, by the process to 
be described when we treat of the action of the 
phosphates. 

6 and 7. Gypsum and fluor spar.-^These 
two substances, well dried, are used mutually to 
detect each other, and have no other use ; but in 
this respect they are Very interesting to the mine- 
ralogical chemist. If we put together a small 
morsel of gypsum with a rather smaller piece of 
flttor spar, and heat them, they soon melt at the 
point of contact, combine and are converted by 
fusion into a colourless transparent glass bead» 
whidi on cooling assumes the appearance of white 
enamel. In this way fluate of lime is used as a 
reagent for gypsum, and vice versA. The com- 
pound resulting from the fusion of these two sub* 
(Stances appears to be a double salt formed of 
fluoric acid, sulphuric acid, and lime, and since a 
somewhat larger volume of gypsum than of fluor 
spar is necessary, in order to obtain a very dear 
bead, it seems that it is composed of a particle of 
each of its conistituent salts. If .we take too mutch of 
either, the fusion is imperfect If the glass bead 
be exposed to a strong and long continued heat, 
or be kept in fusion icft some seconds b^ore the 

2 
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reducing flame, it fixes, swells up and is con-- 
verted into an angular mass ; after which it is no 
longer fusible. This phenomenon seems to result 
from the decomposition of the sulphuric acid, 
whence sulphurous acid is disengaged, and the 
double salt partially decomposed. Gypsum is not 
the only flux for fluor spar, nor 'fluor spar for 
gypsum ; sulphate of baryta and fluor spar on the 
one hand, and fluate of baryta and gypsum on the 
other, also fuse very well together ; but the fused 
mass is never clear, because the double calcareous 
^alt which is formed, t^ants the property of dis- 
solving the two barjrtic salts which it is mixed 
with, 

8. Nitrate of cobalt dissolved in water. This 
solution must be very pure, entirely free from al- 
kali, and rather concentrated. 

This test is employed to detect the presence of 
alumina and magnesia, the former giving, after 
strong ignition, a fine blue with the oxide of ca. 
bait, the secox^d a p^e rose colour. Silica does 
not prevent the appearance of these characters. 
There are two ways of treating a substance with 
nitrate of cobalt. 

{a.) If the assay be absorbent, a small grain of 
it is used, which is to be moistened with a drop of 
the solution, and heated strongly^ but not fused. 
After being heated some time, the assay becomes 
coloured, blue (more or less pure), if it contain 
alumina, and red or rose colour, if magnesia. 

In the latter case, we must endeavour to ftise it. 
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for the magnesian compound retains its red colour 
after fusion, and generally even acquires a stronger 
tint. The blue colour of the alumina is also per- 
manent in fusion, but it thereby loses its distin- 
guishing character; for minerals which contain 
lime or alcali, without alumina, also become blue 
hy fusion with oxide of cobalt ; but not till they 
have been fused. 

(b.) For harder substances, as the crystallized 
stones, the process is different. The stone is to 
be ground with water in the agate mortar, till re- 
duced to the state of pap. A drop is to be taken 
up by the pestle, and laid on charcoal, which will 
absorb the water, whilst the fine powder suspend- 
ed in it wiU remain on the surface. To this we 
add a drop of the solution of cobalt, and heat it 
gradually to redness, without stopping to examine 
the successive tints it passes through, before the 
salt is decomposed, and which end in black ; for it 
is not till the moment of brightest incandescence, 
that the characteristic action is developed. If we 
perceive the mass begin to detach itself from the 
charcoal, we may take it up carefiiUy with the 
platina forceps, and, exposing it in that state to the 
flame of the blowpipe, heat it more easily to the 
degree required. 

The colour of the assay cannot be judged of till 
it is completely cold ; and it must be examined in 
day light. The finest blue appears of a dirty 
violet colour, or almost red, by the light of a lamp 
or candle. 
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The ppoper qqantity of th« ^hitioii <tf eohalt to 
b^ taken depends on its concentration^ ^nd is 
fasily leamt by experiment. The presence df a 
metallic oxide in the assay entirely destroys the 
action of this test^ und if the solution contain any 
trace of saltpetre, it will impart a blue colour to 
certain substances, which otherwise woul4 i^ot 
exhibit it ; for instance, silica and zircon.^ 

9* Tin. — This metal is employed in the stat^ 
of foil, cut into long slips half an inch wide, and 
closely rolled up. Its use is to promote reduction in 
the highest degree in the fused vitreous compounds, 
^specially when the assay contains small portions of 
metallic oxides, capable of being reduced to pro- 
toxides, and which in that state give more decisive 
results. We introduce into the still hot assay^ pr^ 

' Tbc»8e phenomena had been obaenred by Gahn long be- 
fore M. Thenard discovered the blue colour produced by 
alumina with arseniate or phosphate of cobalt ; and they had 
led him to the discovery of the very same blue colour. He pre- 
pared it with alumina quite free from iron, obtained by pre- 
cipitation from alum> over which he poured a concentrated 
solution of nitrate of cobalt, and exposed it, previously dried, 
to an intense heat. But, examining this beautiful colour by 
lamp light, Gahn found it rather red than blue, unpleasant 
to the eye, and did not consider it as fit to be used in the 
arts, nor even worthy of a particular description. This ex- 
periment was one of a series which he made to eisamine the 
modifications produced in minerals by heating them with me- 
tallic solutions : of them all, that of cobalt alone furnished an 
useful result. B. For Thepard's process for forming the 
alumino-cobalt blue, see Us Trait6 de Chimie, vol. ii. p. 400. 
second edition. C. 
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Tiotdy e;xpo$ecl to the ^reducing flme, the «tre- 
mity of the roU of tin, a part of which fu^ and 
remains in the assay, and the whole is then immei- 
4iately re-melted in the same flame. We must ncit 
ooBtinue the blast long, after having added the tin, 
for in that case it will either wholly precipitate the 
metal, which we wish to bring to the state of oxide, 
and all ftp*ther action cease, or it will dissolve in 
80 large a quantity in the flux (especially if it be 
salt of phosphorus), that the mass wiU become 
opaque. 

10. Iron^ used in the state of harpsichord wire. 
No. 6, 7» or 8. Bergman and Gahn employed it to 
precipitate copper, lead, nickel and antimony, and 
to separate them from sulphur, or fixed acids. For 
this purpose a small portion of one end of the wire 
is immersed into the fused assay, and the blast 
of the blowpipe directed on it, when the iron be- 
comes covered with the reduced metal ; the latter 
is often seen at the surface of the fused mass in the 
form of little globules. Iron has lately been ap- 
plied to a more important purpose, founded on its 
property of reducing the phosphoric acid of the 
phosphates to the state of phosphorus, whence 
phosphuret of iron is produced, which, fusing with 
the assay, forms a white brittle metallic globule. 
When treating of the phosphates, I shall describe 
the process to be followed in this experiment. 

11. Ltad free from alloy, especially with silver, 
is employed in cupellation. 
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12. Bone ashes. — These are used with lead in 
cupelling metals or minerals containing gold or 
silver. The hone ashes must be reduced to a very 
fine powder, a small quantity of which is to be 
taken on the point of a knife moistened with the 
tongue, and kneaded in the left hand with a very 
little soda into a thidk paste. A hole is then made 
in a piece of charcoal, and filled with the pastes 
and its surface smoothed by pressure with the agate 
pestle. It is then to be gently heated by the blow- 
pipe, till it is perfectly dry. (The soda only assists 
the cohesion, and may be omitted.) The assay, 
previously fused with lead, is placed in the middle 
of the little cupel, and the whole heated by the 
exterior flame. When the operation is finished, 
the precious metals are left on the surface of the 
cupel. This experiment is so delicate that grains 
of silver visible to the naked eye, and indeed such 
as may be collected by the forceps, and extended 
under the hammer, may in this way be extracted 
from the lead met with in commerce. 

I have seen tobacco pipes used for this purpose 
in England, on a transverse section of which the 
operation is performed. They have the disadvan- 
tage of absorbing very little oxide of lead, and of 
allowing us to work only on very minute portions 
of matter, which proportionately diminishes the 
button of silver. I, for a time, tried the use of 
burnt round bones, performing the cupellation on 
one end, and carefully removing the portion loaded 
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with oxide of lead after every operation. But 
from the extreme brittleness of burnt bones, the 
process first described is by much the best. 

13. Silica^ such as we obtain in the analysis of 
minerals, and particularly from pulverised rock 
crystal, forms a very fusible glass with soda, by 
means of which we may detect the presence of 
sulphur, or sulphuric acid. I sometimes use glass 
instead of silica, but it does not nii;^ so readily 
with the soda. For the rest, see fiirther on, the 
article Sulphates. 

14. O^ide of copper is used to detect the pre- 
sence of muriatic acid. See the article Muri- 
ates. 

15. Test papers^ respectively tinged with infu- 
sions of Ktmus, brazil wood, and turmeric. 

General rules for experiments with the blow- 
pipe. — It sometimes happens that an assay with 
VLh we have been a g^ whUe occupied, is sud- 
denly blown off from the support. To recover it, 
Grahn placed his lamp in a large tray made of sheet 
iron, not tinned, its border about an inch high, 
and its bottom covered with a sheet of thick white 
paper. A white earthenware dish, or a paper tray^ 
will be a good substitute for the iron one in travel- 
ling. The tray should be emptied after every ex- 
periment, to avoid confounding the assay with 
other matters. 

As to the size of the morsel operated on, it is 
large enough, if we can distinctly see the effects 
produced on it, and We are more likely to fail in 

F 
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OUT object by using too large, rather than too svusSl 
a p^ece. 

Von Engestrom directs the assay piece to be 
about the size of a cube l-8th of an inch on the 
side, whidb would be very well if we were work- 
ing with an euaniell^r's lamp, but is much top 
large for our experiments. Bergman says, about 
the size of a pepper com, adding, that we must, 
often operate, on smaller portions. This, also i& 
many times top large ; we should seldom sucpeedt 
in applying an adequate heat to so considerable a 
bulk, and even for vitrification with the fluxes, the 
size of a pepper com is much too great. A piece 
of the size of a laifge grain of mustard seed, is al-: 
most always ^sufficient. For the rest, experimjsnt 
must teach us to determine the bulk best adapted 
to the success of an experiment, particularly when 
we attempt to produce an effect on a small quan- 
tity which has failed with a larger. But, even if 
the experiment succeed with a largie piec^ it al- 
ways requires a stronger and a longer Uast, and after 
aO, we can judge of the colour and fusibility just 
as weU with a smaller. The only instance in 
which it may be convenient to operai, on portions! 
larger than a mustard seed, is when we wish to 
extract metals, whether by reduction with soda (»: 
by cupeUation, because in that case we obtain a 
larger portion of the metal sought for, which may 
consequently be examined and distinguished with 
greater ease. 

Prior to submitting an assay to the aption of th^ 
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fioxes^ the pheiioifiena it' presentd^ wiiete Iteated 
alone befcfre the blowpipe, must be ebcandned aft 
follows. 

(a.) The substasBiee mmit be heiateit iil a MtSL 
iiiatft:as& By the i^irit lamp, to asieertaifl if it de^ 
crepitate, or give o£f wate!i^ or any otha* volatilift 
maCteif* 

(Jb.) We mii£^ beat the afis^y gently on ditlri 
coal by the flame of the oil lamp directed o^ it 
by the blowpipe^ atid immediately allter rentoVifif^ 
it fimif the heat, apply it to the nose to aiie^airi 
if it ooatain any volatile acid, arsenic, selenium, oil 
sulphur. The odouir di^veloped by the oxidAtin^ 
flame muist be^ omipared with that which llie re*^ 
dncing^ flame developes^ and the diflferenoe nbted 
downi The firrt renders the odour of seleiiium 
and sulphur more seninMe^ the second' th^it' of 
arsenic* 

(c«) Thie Aisibility of the assay must be examined; 
If we can obtain it only in the form of nmnd gridn!^,; 
tiio best way is to place them on' diarcokl, nbtwitfh^' 
standing their liiibiiity tO' be blown dff- wlifen- nb# 
very fusible. But if We can' chdbi^ a^ fortal to our 
liking) we strik^^ off &om thb spechhen by tH^ 
hammer, a vety Ain scale, onfe edgt^* of whictf 
ifi' usually transpavent ; or seled; ainon^- thfe de<^^ 
taohed fttigments, a pdnted of lam^ar' n&orsd, 
wiiich We? hold in the platiiia forceps' and' prieseiii^ 
its edgedrpdiiit to thfeflkihe. We thiis* inltne- 
^Qately peroeive ^E^fe assay be fiisible or not; In- 

p 2 
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fusiUe sttbrtanoes retain all the sharpness of thdr 
points and edges, which b e»ily distinguished by 
the microscope. With difficultly fiisible substances, 
the same parts become rounded ; and, lastly, those 
pf easy Vision are melted into a globule. As to 
Tery difficultly fusible minerals, I generally grind 
them with water, and put a drop of the mixture 
on charcoal, precisely as is done in the experiments 
with nitrate of cobalt ; I then dry. the mass spread 
OTer the surface of the charcoal, and expose it to 
the oxidating flame, till it adheres no longer to 
the support. It then forms one coherent body, a 
sort of cake, which I take between the platina for- 
ceps, and give its edges the greatest heat I can pro- 
duce. The edges, even of substances that I call in- 
fusible, usually, become slightly curved, which is a 
proof that, strictly speaking, they are not absolutely 
infuidble, but the microscope shows us whether they 
be vitrified or not. In the same manner we treat 
dry pulverulent substances, after having made them 
intoapaste which is spread on the surface of the 
charcoal with the point of the knife. 

I am convinced that the heat we can produce 
by the blowpipe supplied with air fit)m the lungs, 
is very limited ; that we cannot, for instance, fiise 
by its means the smallest portions of either alu- 
mina or silica, and, consequently, that the deter- 
mination of differences of fusibility does not de- 
pend so much on the size of the assay and the 
skill of the operator, as has been supposed. In this 
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tespect the blowpipe has a decided advantage over 
the machines for producing a euirent of oxygen gasr. 

H. de Saussure made a series of experiments to 
determine the relative fusibilities of mineral sub- 
stances, and calculated in degrees of Wedgewood's 
pyrometer, the temperatures at which these different 
bodies begin to fiise, from the proportion which the 
diameter of the largest volume of each mineral that 
he could fuze into a globule, bore to the diameter of 
the largest globule of silver fusible at a known 
temperature. His tables are certainly very valu- 
able, but smce they cannot fiimish usefol indica- 
tions in such experiments as we are treating of, 
and as the results they present are at most but ap- 
proximations, I shaU say no more about them. 

Certain substances, particularly certain minerals, 
undergo a change of form and aspect before the blow- 
pipe, without, however, entering into fusion. Some 
swell up like borax, or form ramifications which, 
taken alt<^ther, have the appearance of a cauli- 
flower. Of these substances, some fuse after intu- 
mescence, others retain that state without fusing. 
Other mineral substances throw out a sort of foam 
whilst fusing, and afford a blebby glass, which, al- 
though very transparent in itself, produces in mass 
the effect of dull glass, from the multitude of air 
bubbles which it contains. ^ 

This intumescence and foaming do not take 
place, in most minerals, till they have acquired the 
temperature at which the whole of their water is ' 
driven off: the ramifications seem to result from a 
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f^m 9tfite of equUibrium lietwem the coBstituwt 
p«rt9 of the .bodies, pvodueed by the hei^; as to the 
JOtiiivi^ceiiDe, and the productiaii of foam which 
anwes nfter fusion, fJtiey em only belong to the 
«)^9W8i<m of a eomponenf part of the substance 
Yflmh is volatile and assiunes the gaseous form, 
althwgh these phenomena often oceur with com- 
poNtnds in which analysis fails to detect the pre* 
sence of any similar matt^. They take place 
l^efly in the double silicates of lime or alcali, 
a^d alipnina* Sometimes they disappear 9&er a 
few momients' blowing ; at others they hut as long 
1^ the substance remains liquid. In the latter 
case it appears that the assay takes carbonic acid 
from the flame, which is transformed by the eon«» 
t^ of the chiurcoal into caibonic oxide, and that 
it is this which fills the bbbs. The cause of these 
TAiious kinds of intumescence deserves particular 
i^^vestigation ; as long as we remain ignorant of it, 
we pannot flatty ourselves with having a thorough 
knowledge of ihe bodies that present this species 
of ph^om^enon. In the mean time it afibrds a 
good character by which to disttnguish substances 
that in other respects are alike. 

In the use of fluxes, we must be carefol not to 
suspend the blast ton soon^ A substance may seem * 
to be invisible at the beginning, which by degrees 
yields to the action df the flux, and at the end of 
two minutes enters into perfi^ fosion. Moreover, 
we must put only small portions of it to be fused 
&t » time, md wait till the first has undergoni^ 
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the action of the flux, hefore we add a second, so 
that, in short, the glass produced may attain a 
degree of saturation beyond which it can dis- 
solve no more of the assay; when the glass is 
thus saturated it often presents manifest effects 
which cpidd not be producied with the glass not 
saturatedL 

When operating with fluxes Before the reducing 
flame, it sometimes happens that the assay globule 
oxidates as the charcoal cools, and we thus lose the 
fruit of our first process. To obviate this incon- 
venience, we turn the charcoal upside down, so 
that the globule, still fluid, may fall on some cold 
substance, as the iron tray under the lamp, or, if 
that cannot be done, we pour a drop of oil over it. 
The use of the oil, however, is productive of 
ainother inconvenience, — ^it frequently carbonizes, 
and thus renders the glass obscure, which should, 
be avoided. 

If the colour of the fused assay be so intense as 
to appear opaque, we may ascertain its transpa- 
rency by holding the globule in a certain direction 
opposite the flame of the lamp, when we may dis- 
tinguish, even in broad day-light, the reversed 
image of the flame painted on the glass, in the 
colour of the latter. We may also flatten the glass, 
before it becomes solid, between a pair of forceps 
with flal claws, previously heated, and if that be 
not sufficient, we must endeavour to draw out the 
glass globule, at the instant it begins to cool^ into 
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a thread fipe enough {or its colour to be seen by 
transmitted light. 

According as they are exposed to the outer or 
inner flame of the lamp^ ai^d fused alone or with 
fluxes, miner^ substancejs pres.ent numerou^ pher 
nomena which must be carefully noted, and form, 
when taken together, the general result of the 
trial to which each individual has been submitted. 
The minutest circumstance of these phenomenal 
must be attentively observed, because it may often 
lead to the detection of elements whose presence 
was not suspected. 

With regard to quite new substances, the advan- 
tage which the operatormay derive from the blowpipe 
in ascertaining their presence and some of their 
properties, depends entirely on the extent of his 
knowledge of chemistry in general, and pyrognos- 
tic phenomena in particular, as well as on his per- 
sonal- skill in observing and seizing on whatever is 
characteristic in the effects produced. On this jsub- 
ject no particular rule can be laid down. — ^When- 
ever we would record the result of an experiment 
with the blowpipe, either for our own instruction 
or that of others, we must always make two expe- 
riments, note down separately the result of each, 
and then compare the two together, for it often 
happens that something which escaped us on a 
first observation, strikes us on a second. The 
safest mode is for two persons to make, and note 
down separately, a similar set of experiments, and 
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compare their results ; if they agree, they may be 
considered as accurate, otherwise the cause of dis- 
crepancy must be sought for. A little difficulty 
sometimes attends this sort of association, from two 
persons not always seeing and denominating colours 
alike. For instance, there were certain shades 
which Gahn^ always called yellow, or duU yellow, 
and which I persisted in calling red, although we 
agreed as to their fundamental colours, pure yellow 
and pure red. 



DESCRIPTION OF THE PHENOMENA PRESENTED 
BY DIFFERENT MINERAL SUBSTANCES BE- 
FORE THE BLOWPIPE. 

I 

We have nothing to do in this place with the 
non-metallic simple substances, their physical cha- 
racters are sufficient to distinguish them in the 
elementary state, and their properties are supposed 
to be known to those who seek them in their com- 
pounds. Of these compounds, those with which 
we shall first employ our selves, are the combina- 
tions of their oxides and acids with oxidated 
bodies ; they will be described under the article 

I shall begin, therefore, with the metals, treating 
principally of their oxides (amongst which I class 
the alcalies and earths), and detail what I know 



^4 ALCALIES. 

rf the methods hy which liley may be distinguish- 
ed. With this vieW I hate made a series of new 
icaA partictilar researches, in Ivhic^h each substance 
hai^ been treated individually. In the course of 
my ^xpetimetits I have discovered, in respect to 
many of thetn, diatacteristic phenomena which I 
long sought for in vain, and could never have 
obtaihed without that continued attention which 
my task, tak^ as a Whole, required. I am persuad- 
ed that when the use of the blowpipe shall become 
more general, others still more precise will be dis- 
covered. I shall now describe particularly the 
phenomena produced by the different oxides in 
their pure state, or, which is pretty much the 
iSame as to experiments with the blowpipe, in the 
iState of carbonates oi* hydrates. 



A. OF ALCALIJES, EAUTIIS, AND METALLIC 

OXIDES. 

1. Alcalies. 

The aleaHes do not afford indications, when acted 
on by the blowpipe, by which fhey may be ascer- 
tained with perfect certainty. When pure or in 
the state of carbonate, their taste, or their actio»n on 
litmus paper reddened by ani add, is still the best 
test. When in combination in salts, their presence 
is ascertained by &sing the salt with . sodfi m 
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platma foil ; if no precipitation enme in the liqui- 
fied masn, we may oonclnde that the base of tjii 
salt is an alcali. Bnt if the same compound eon- 
tain both an earth and an alcali, I know nd 
method of ascertaining the presence of the alcalind 
part by the blowpipe. Neither does it fiimish us 
with any characteristic sign by which to distin-^ 
guish poiassa from ^da, unless oxide of cobalt be 
present. (JSee fiirther (m, Oa^ide of Cobalt.) 

Lithia differs from the two alcalies of which I 
have just spoken, in this, that wheu fused on pla- 
tina foil, it attacks that metal, and leaves round 
the spot on which it lay a dull yellow trace. The 
salts of lithia do not produce the same effect 
unless soda be added, which, by disengaging the 
lithia, leaves it free to act on the platina ; but this 
is a very equivocal character, for although it takes 
place in a decided manner with a salt of lithid, 
other bodies also which contain no lithia produce 
it to a certain extent when heated with soda ; and 
soda itself sometimes leaves a trace on platina 
round the jspot where it lay. The same phenomenon 
does not occur with potassa ; on the contrary, when 
added in excess to the assay, it prevents the action 
f£ the lithia contained in it. The yellow spot may 
be removed by washing the platina with water 
and heating the metal red hot, but we perceive 
afterwards by the frosted appearance of the part, 
that the metal has lost its polish on that spot ; 
this difference of aspect is particularly sensible 
during ignition. 

3 
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Ammonia is seldom an objeet of eaqperiment 
ifith the blowpq>e. In general we need only mix 
a litde floda with the siibstanoe supposed to ocm- 
tain ammonia (whidi indeed may then be imme- 
diately percrived by the odonr of the mixture), and 
heat the whole gently in a matrass ; a siAHmate 
1^ carbonate of ammonia will be formed. We may 
also heat the assay s^arately in a gkss tube dosed 
at one eud, and introduce a piece of moistened and 
slightly reddened litmus paper.^ 

2. Baryta. 
Alone does not fuse, till it has absorbed a little 

> In default of sufficient characters to distinguish jioto«f<r, 
Moda and lUhia by the blowpipe, it seems desirable to state 
the tests by which each may be known in solution. Poiatsa 
and its salts give with muriate of platina a fine crystalline 
yellow precipitate inclining to orange. The same test pro- 
duces no e&ct with solutions of soda or Itthia, or Uieir 

Carbonate of lithia is much more insduble than dther 
carbonate of potassa or soda, requiring at least 100 parts of 
water for its solution. If this be conyerted into a muriate 
and evaporated to dryness, the residual mass is soluble in 
akoholy and imparts a crimson colour of great beauty to its 
flame. The negative property of soda with regard to muriate 
of platina and alcohol, will serve to distinguish it from both 
the other fixed alcalies. I may add that the alcaline salts 
should be heated sufficiently to expel all the ammoniacal 
salts, if any be present, before we add the muriate of platina, 
as the latter have a similar action on that test to the salta . 
of potassa. C. 



water produced by the flaxne.^ Its hydrate fiisei^ 
bubbles up, intumesoes and ends by solidifying at 
the surface, after which it penetrates with a brisk 
bubUing into the mass of the charcoal, where it soon 
loses its water and is transformed into a solid crust. 

Carbonate of baryta fuses very readily into a 
clear glass, which, on cooling, assumes the aspect 
of a white enamel; on charcoal, it ends by eflfeF« 
▼esdng strongly, sputters up, becomes caustic and 
is absorded with the same phenomena as the hy« 
drate. Both the hydrate and carbonate, as well as 
pure baryta, produce the following effects with the 
fluxes. 

fFith borax, baryta fuses readily with brisk 
effervescence into a dear glass. If we increase 
the quantity of baryta we obtain a dear glassy 
which on cooling becomes covered towards its base 
with little milk-white tuberdes; a still further 
quantity gives a clear glass which turns first milk- 
white, and lastly enamel white, beginning at 

* I shall subjoin in this, and several other instances, the 
appearance of refractory substances, after fusion by the gas 
blowpipe* described p. 16k I give the facts as I find them 
in Dr. Clarke's account of the *<Gas Blowpipe;'' LondoDy 
1819. 

Barytiu^** It became fused very readily, and assumed the 
formofaj€f black shining dag; its (fusion being accompa- 
nied with a chryscilUe green coloured Jlame, and in some in- 
stances with a slight degree of scintillation; at the same time 
dense tohttejimes were evolyed, and the supporter" (forceps 
made of slate) '* became invested with a white oxide/' Gas 
Blowpipe, p. 69. C. 
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tibe base. The glass, wliieh oomtiiines dear en obol^ 
mg, beoones opaque hy Jlatmngm 

Wiih salt af phosphorus liaryta fuses mdily 
vith bdck eflEJ^esceiDGe, durmg which the globule 
fincms aud swells up ; the intumesceiiee then sid)« 
sidei^,^ and the assay becomes avcfear glass. By in- 
* cveivsmg the dese of baryta we obtain a dear ^ass, 
which on eoohng is coyared here and these, with 
milk-white spots ; by a furthor addition the ^ass 
assumes the appearance of enamal on coding. 

Wvtk nitrate of cobalt baryta gives a globule 
winch, whilst hot, has a redbrown^ brick red, or 
rusty yellow colour, according to the quantity rf 
miiratej; idie colour di8appe2U*s on cooling. When 
heated again the colour does not return till the 
assay is in Aision ; exposed to the air, it soon falb 
into a dear grey powder. 

3. Strontita. 

Alone, in the state of hydrate, it presents the 
same phenomena as baryta.^ Carbonate of strontita 



X << This oxide being much more refraetory than ^e pre* 
ceding'' (baryta)^ **iB almost infimUe per se even with the 
aid of the gas blowpipe." Dr. Clarke, therefore, mixed it 
into a paste with oil, &o. and after repeated exposure to 
the ''gaseous flame,'' it began to << exhibit the appeiuranee 
which the barjtes assumed after its fusion, namely, a jet 
black shining substance." Dr. Clarke adds, that during th6 
whole of the experiment, the flame is tinged with an in^ 
tense amethystine purple colour. The fusion is attended with 
scintillation and the evolution of acrid aad sufbeatiag dense 



fus^ with a moderate heat at ijiiQ sw^&j, md 
h^ins ta assume a raiifiified ca,ulifiower app^rs^n^ 
of dazzling brightness ; in an intense n^mm 
flame it impartjs a feehle tint ta it, i^^ ctasjiit^ ]^er- 
ceiyed by day light ; the; xamified pDrtiota' h^ th^, 
taste and effect of an alcali. 

li(ith boras and mU of phosphorus it b^ta^v^ 
like baryta. 

Soda does noi; disscdve caustic strontit^ ; carbon 
nate of stsontita, mi:^ed with ail ^q^ volume of 
soda, fuses into a clear glass which becon\^ 99Jlk.3E 
wliite. QR cooHug ; iu a strongs l^eat th^. ma^ l^b- 
bjljes iqy b^cQuies caflsti(^ ajad siaks^ int^ the. cl^r^ 
coaJL A Wger quantity of the c^rb^na^e of ^tssfmty 
tita does not wholly fuse, but beco»nLjes cautil^ 
with a stj^ng heat, an4 i^ absorbed 1^ thQ.cllM«i 
poa^. 

With solution, of coffflU b^tq^^^, ex}^bi]te ^ 
bl^ ox greyish blacl^ colour, a^ do^. mk &m. 
Iflf e baryt?,. 

4. Lime;* 

Aloney caustic lime neither fuses nor suffers any 
change;^ carbonate of lime readily becomes caustic, 

^hiteJumeSf which the operator must be careful not to iu- 
hal^.** Ga^ Blowpipe, p^7S» C 

' '<Lime in a stat^ of perfect pji^rity^ mA '^^ th$ pulvecur. 
lent fornix being placed within a platinum crucible^ and; e^ 
posed to the flam? . of t^e gas blawpip^, its. vuppib^i siiirfilce 
became coveried with.aJ?mpiW boiryoidifi, glois^ resembUsfp 
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1 

and tftrows oflPa brilliant white light; it acquires 
alealine properties, and falls to powder on being 
moistened. 

With borax fuses readily into a transparent 
glass, which becomes opaque hy flaming. The 
carbonate fuses with effervescence ; a larger quan- 
lity of Ume gives a transparent glass, which crys- 
taUizes on cooling, but not in so r^ular facets 
as phosphate of lead. The glass never assumes so 
perfect a milky whiteness, as those of baryta and 
fitrontita« 

With salt of phosphorus lime fiises in large quan- 
tity into a dear glass, which remains transparent 
(m cooling ; the carbonate fuses with effervescence 
and gives the same result ; if we add a fresh por- 
tion of carbonate of lime to the mass, the carbonic 
add flies off and the new portion is converted into 
phosphate of lime without losing its form. By a 
long continued blast, the phosphate of lime itself 
dissolves and, on cooling, deposits small crystalline 
needles on the part not fiised ; if the glass be com- 
pletely saturated it becomes perfectly mUk-white 
on cooling. 

Soda dissolves no sensible portion either of lime 
or its carbonate, but sinks into the charcoal, leaving 
a slightly rounded calcareous mass on the surface. 

hyalite; the inferior surface was quite black. Its fusion was 
accompanied by a lambent purple flame." Gas Blowpipe, 
p. 4?7. 

Iceland'spar fused, with great difficulty, by the same means, 
into a '< brilliant limpid glass/' Ibid. p. 48. C. 
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With solution of cobalt lime gives a black or 
dark gray infusible mass* 

5. Magnesia* 

Alone, undergoes no alteration/ 

With borax behaves like lime, but does not 
crystallize so perfectly.* ... 

With salt of phosphorus fuses readily into a 
clear glass, which, when saturated, with magi^iesia, 
becomes milk white on cooling. If not quite satu- 
rated it takes that colour hy Jlaming. 

With soda, no action. 

PVith solution of cobalt, after a strong blast, as- 
sumes a. fine flesh colour, the tint of which is very 
feeble and not easily distinguished till the assay 
is perfectly cold. 

6. Alumina* 
Alone, appearance not altered.^ 

' Pure magnesia, **£\iaioiiper seexitemely difficult. Wheft 
the powder is made to adhere (by moisture with distilled 
water and subsequent desiccation) and placed upon charcoal, 
it is fusible into a tokUish glass^ but the parts in contact with 
the charcoal acquire au imposing psetuio'tnetaUic lustre.*' 

Hydrate of magnesia. (Pure foliated magnesia from Ame- 
rica.) ^* This substance is incomparably refractory ; with the 
utmost intensity of the gas bl&wpipe, it is ultimately reducible 
to a tohite opaque enamel, invested with a thin superficies of 
limpid glass. Its fusion is accompanied with a purple colour- 
ed flame." Gas Blowpipe, p. 53. C. 

^ Pura alumina* ** Fusible witliout difficulty into a' snato 
•white opake glass,** Gas Blowpipe, p* 64;, C. ' 

G 



SFUh bofwp hms akvrly mto a tmnspsrent 
glass, which does not beoome 0{KaqTie, either by 
cooling or flaming ; if we add to it a large portion 
of alumina in fine powder, we obtain an opaque 
glass, whose surface is crystalline on cooling; and 
which becomes almost wholly infusible. This glass 
is opaque both cold and hot. 

With salt of phosphorus alumina also fuses 
into a transparent glass, which does not become 
opaque at any degree of saturation ; if the propor- 
tion of alumina be too large the unfused portion 
is semi-transparent. A mixture of salt of phos- 
phorus and borax, both- saturated with alumina, 
pves a dear glass.' 

With soda swells up a little, forms an infusible 
compound, and the excess of soda sinks into the 
charcoal. 

With solution of cobakf with a strong blast, 
gives a fine blue colour, which becomes deeper, 
without losing its beauty, by an additional quan- 
tity of cobalt ; it is not distinctly seen but by day 
light, nor until the assay be cold. 

7* Glucina. 

Alone, no diange. 

Boirax and salt of phosphorus dissolve a large 
.proportion of glucina, and convert it into a clear 

> Those glasses which turn milk white hyflamit^, ramaiii 
«piique when we mix that temed inrith sak vof phosphorus 
with the on« fiiemed with borax. B. 

4 



comes milk white on cooling. 

Wlfh ^ittm fif Qsifilt ^«ifi» 6>m» »kM^ 
€f igfk gtgf m»9s. 

8. Yttria. 

Its characters resemble those of glucino. 

9. &rfoniq. 

AlonCf zkeonia, bs obtained by calcining itfi sul- 
phate, emits a more brilliant light Ihan any other 
substance f have tried ; the whoie assay is iliumi- 
nated by it, and its briHiancy is so dazzling, ev^n 
in broad day light, that the eye can scarcely sup- 
pprtit. {t i« ^Jb^UOiisly ffl&«ibk ]^}»IWQt)^ /My« 
that ^f conia a^lHtinaftes before the bi^^wpipe, in 
eoiaseq>ueace of incipient fusion ; in that 'Case k is 
not pure. 

With borax, salt of phosphorus^ and so4&3 its 
lH^bits ?rp§eijaJ^J^ thp^e ,4 m^mh <^^^^ ^^^ ^^ 
^mtAsit^ fiaritjh .gcietfiter iddffieulty Jo;. saJlt i£ i^h^&r 
phorus, and more readily forms an opaque glass 
¥dth that re-?jgent. 

.10. ^Ulca. 
Aioncy no .change."^ 

 'in. de Saussure states, &ai*he4u8ed siiica (rock cfystal) 
by the flame of a large candle, blown with a pair of double 

O 2 
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fVith borax fuses very slowly into a clear glass, 
difficulty fusible aud incapable of being made 
opaque by flaming. " * 

Salt of phosphorus dissolves but a very small 
quantity of silica; the glass retains its transpa^ 
rency when cold; the unfused portion is semi- 
transparent. 

With soda fiises with brisk effervescence into a 
dear glass. 

With solution of nitrate of cobalt ^ in a certain 
proportion assumes a feeble bluish tint, which 
changes to black or dark grey, by an additional 
quantity of cobalt. By this colour sdlica may be 
distinguished from aluminous substances. If we 
expose a thin portion of the assay to a strong heat, 



bellows^ Ihe area of whose surface was 62 square inches ; the 

tilicfif was supported on disthene^ and converted into a globule 
I 

of 0.014 diameter. I have never been able to fuse the 

thinnest lamina of silica, either on charcoal or in the forceps; 

and I suspect that in Saussure's experiment the action of the 

support on the assay on the one hand, and the greater purity 

of the air whicli supplied the flame on the other, contributed \ 

to a result that could never be obtained by the common 

blowpipe. B. 

Rock erifaal*^^** The most highly diaplianous specimen 
that could be procured was exposed to the flame of the gas 
Ucfmpipe with perfect success. In the first trial, the edges 
only were fused, and resembled hyalite. In the second trial, 
the fusion was completed; the crystal then appeared in the 
torn of one of Prince Rupert's drops, having lost nothing of 
its transparency^ but being fu^^ of bubbles." Gas Blowpipe, 
p« 63. C. 
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that porticm Ihses with the oxide of cobalt into a 
blue glass ; the part next the fused portion also 
Ibecomes blue, but this colour approaches to red^. 
and has nothing pleasant to the eye. 

11. Molybdic Acid. 

AlonCf in an inclined tube, it fuses and gives off 
fumes which condense partly on the sides of the 
tube, covering it with a white powder, and partly 
on the surface of the fused mass in brilUaht pale 
yellow crystals. Heated on platina foil, this add 
fuses and gives off fumes ; the fiised part has a 
brown colour, but becomes yellowish and crystalline 
on cooling ; in the reducing flame it becomes blue; 
a violent Jieat turns it brown. On charcoal it 
fuses, and is absorbed ; a^ portion of the add re- 
vives by continuing the blast, and the metal may 
be collected, by pidverising and washing the char- 
coal, in the form a grey metallic powder. 

WitK horax^ on the platina wire, it fuses in the 
exterior flame . into a colourless transparent glass. 
Before ' the redudng^.flame on charcoal, the glass 
becomes dirty thrown without losing its transpa- 
rency, and not unlike .that which we obtain by a 
mixture of the peroxide and protoxide of iron ; if 
we add a fresh portion of molybdic add to the 
mass, the glass becomes opaque in the reducing 
flame, and a multitude of brown scales of oxide 
of molybdena may be perceived in its interior, ap- 



8$ MWtALhtC bSlDM. 

ItafMtiy fgammA^A ^f $ slightly lotfwmiA trdafi^ 

fViih idit tf phoipk^rik it fdsee tefofe the 
exterior flame m the |)Miifft tlite i&i0 a tf aiii^ii^ 
rent glass^ inclining to green whilst hot, hut which 
loses its colour ba eo(^ti^ i iA the; reducing flame 
the glass hecomes opaque and appears hlack or 
dtok bM^ bat biA ec^llnlg it beoemes liij^id 
i»9d Aiein^ a fitie gre^ cdomf, which aimosi 
rii^ ihfft of the oitide of fehroilie.* The saihd 
edlmiring efiect tekes {ilae^ oti charcoal (particn«^ 
Mly if th^ ptopoftion of adid be consideliiUe)i b6tb 
m thd ^teridr axid interior flaine. On the platina 
wire^ the grfe6B g;lass may be oxidate by the ex^ 
temi flam^ T^hen it i-eoorerts its tramsparency on 
fttsibg. Th^ i-educing flime is iiKiajtaUie of sepa^^ 
nrtiiig any po^on itf the bit>wh oidde df maiyb^ 
dena fr(ta ths i^alt of pfaoisphdniSi Tin dD^s not 
diatlge the ccidur of the reduced gre^n glasii^ but 
the metal is dbserved td swell up ifi the glass sind^ 
to it certaih ^tenti combilie with the molybdeila. 

ff^ith md&i ml the plktina ^re, molybdic add 
dlferresel^ aiid fuses into a clear glass, #hi®b hk^ 
eomes nlilk white oil oddling ; if the aeid be iH 
small q^dntky, faefine tht r^^i^g flame the 
glass assulnes uedrly the sdme colour Hjb ^ate of 
bohix ill simiiai: dtcumiitanees^ but beedtaies o^que 
on isooling ; if^ on tiie c o ntrary^ tJie gllnss hA sufer^ 
saturated tiith nmiyidic add tad exposed to A 
Bt]t)ng redireing flaitie> the add is partly r^ucdd 



to the stauke of (oai^,, pacr% to tiiie metaHier state;) 
and if we £ssdbv& the safioe mas9 i» imtear^ a g»e9^> 
kh hiowa lesidium of con^erabk ^ecific graTit^, 
i& obfcai]ie4^ich under the steel polislier oxhibito 
metaUie hrilHaney and the grey colour of bsm. 

Treated with soda^ on charcoalit molyhd&s acid is 
ahflbrfoed i^ soon as fiised, sm^ a large quaiitity. of 
molybdena, in the state df a steel grey metallio 
powder, may be collected by pulverisa/lion and 
washing ; if we place on the 8|)ot where the 9§myi 
is absorbed^ a fresh portioa of molybdlc acid i»tb 
a very snudl quantity of soda, and expose it to a 
good reducing heat, the new assay rosudns osa the 
sur&ce rf the support, and we obtain a grain of 
reduced molyb^a and molybdate of sipda, frmi 
wfaidb the pure metal may be sepismted by was^ 
ing. Molyfadena, therefi^e, c^t^^ry to the geji^ 
opinion, ranks with the easily redu^ble iRctoh^ 
although it does next undergo fusion at the 9ai^ 
time that it is reduced* 

Jlone, it blatkeiui» but is not fused by the le? 
dudng fiame. 

With hwax it fiises readily o» the pUl^« wire^ 
before the exterior ftame, into t ti^nsparent 
colourless glass which cannot be made opaque by 
flaming. Witk a small propcirtion of acid in the re- 
dudng 4ame the glass becomes yellowish, the c(9r 
lour increasing in intensity as it cools, till H }» 
^uite yellow. If we add a fredi quanl^ty of md 
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to the assa}^ the glass at firat assumes an orangier 
colour, but on cooling it becomes transparent and 
blood red. On charcoal, the same e£^t is produo* 
ed with a smaller proportion of the tungstic aad: 
By adding tin, the glass has the appearance of 
enamel on cooling. 

H^ith salt of phosphorus tungstic acid dissolves 
in the exterior flame into a colourless or ydlowisb 
glass. In the redudng flame it gives a fine pure 
blue glass, more beautiful than that formed with 
cobalt. If the acid contain iron, the colour of the 
glass by the reducing flame is quite different ; it 
assumes a blood red colour before it, perfectly dmilar 
to reduced glass of borax. The addition of a little 
tin destroys the effect of the iron, and gives the 
glass a green, and sometimes a blue colour ; but to 
obtain this result, the glass must not be very fully 
saturated with the acid>; if it contain too much, 
we add a fresh porticdi of the flux. ^ 

Soda dissolves tungstic acid on the platina wire 
and converts it into a dull yellow transparent glass, 
which crystallizes on cooling' and becomes opaque 
and whit^, or yeUowish. This glass preserves its 
globular form pretty perfectly, even on charcoal ; 
its colour in the reducing flame whilst hot is 
dark, but it recovers its white colour as it coa- 
jgeals. 

- Tungstic add, treated with a very small portion 
of soda, on charcoal, gives in the reducing flame 
a steel grey metallic scoria, from which a large 
quantity of metallic tungsten, in the form of % 
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steel grey powdesr^'iaay be obtained by pulverising 
andwasfaiiiff; this powder displays metaDic bril« 
Kaacy on t^ points where it was bruised by the 
agate pestle. If we fuse tungstic acid with isuch a 
quantity of soda that the mass is absorbed by the 
charcoal, and, having heat^ it strongly, grind and 
wash it in the mortar, we : obtain . a small quantity 
of metallic particles, . sometimes of a gold yellow 
colour,, sometimes tombac brown. These particles 
axe tungsten presenting the gradations of colour, 
which aecording to Vauquelin and Hecht, it ex- 
hibits? when exposed to a strong red heat in a 
dose vessels 

18^ Omde of Chrome, 

Alone^ no change. 

With fe?^d*r, it fiises with difficulty into a 
fine emerald green glass, which developes its co- 
lour principally on cooling ; exposed to the exte- 
rior flame oh the platina wire, the glass almost 
entirely loses its green colour and becomes yellow- 
ish brown, and retains that colour whilst hot; on 
cooling it recovers but a faint tinge of green. 
» With salt of phosphorus it fiises both in the 
exterior and interior flame, assuming a green co- 
lour: whose inteni^ty increases with the quantity 
fused; A.veiy small portion of the oxide is suffiv- 
cient ti) produce a deep tint. If more oxide of 
chrome be added to the glass than it can dissolve, 
^d it be hisated strongly, it swells up poi6 4^ less 
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9t the uistfiiyt ii congeals and is cooTWted into m 
firotihy inaa^ in oonsequenee of tlie liiberati«in of 
gas; the intnmeseenee disappears on a seoood 
iiunian, but the mass swells np afresh cm eaoiing. 
This phencmenon ensues whether the assay be 
aeted on by the extericHr or interior flame, and as 
well <m charcoal as on the platina wire ; I have 
not been able to diseover the cause of it : it does 
not take place when the glass is transparent. 

iS(Hla gives a dark orange coloured glass with 
oxide of chrome before the exterior flame on the 
platma wire, which becomes opaqne and yellow on 
cooling. In the reducing flame the glass becomes 
opaque; after cooling it is green. Charcoal ab- 
sorbs it, but I hare never been able to discover any 
trace of reduced metal in the absorbed mass. 

14. Antimony and its Oxides. 

Antimony in the metallic state ftises readily on 
charcoal ; when heated red, it remains ignited a 
condderable time without the action of the bbw-^ 
pipe, giving off dense white fumes. The iumes 
are gradually deposited and form round the mer 
tallie globule a sort of network of little crystals, 
having a pearly lustre, which at length cover it 
completely* For a few seconds we may perceive, 
by the light of the lamp, the metal in the mterior 
of the mass in a state of ignition, after it is per-* 
fectly enveloped by the crystalline network of oxid^ 
of antimony. This oxide fiises when the flame i£ 



tlm Iftfiip H dkMt^ Oft H. Alkldite ffitifflctay, 
heated alone kl # ms^tslRif ilOM ftot mbHi]»« M Hm 
Ump&tAt^ite ai ^)Mk ^hM iD^kd^ HeMed td ^- 
iSeiM in m ^pen tube, )t bdrfi^ feky^fy^ ij^a^g Mf 
wbite fUm^s wbieb actaden^e ^ti the g\$m, aod b^« 
aftd fheri) present tr^c^d of cryMat&zati^ii. Tll^M 
fiimeft a#e iftc«hifig llioi^ thi^^ the oxid«^ of t^ 
JH^tal, ttnd tilAy hd dtiv^n^ hy heftfi &6tt ofie {iWfi 
Ctf the tub^ to luMJth^) witbotlt teatitlg the leftM 
r^dfium } httt if the mti&Lony h§ Combined with 
sulphur, it forms, besides the oxid^^ 4 ^ttdn pof'' 
tion of diltil&[()tlious icid, wKieh adheres to the i&ur- 
fiK^e <yf the glass in the form df a white coatiligy 
after tl^ wdAt has hem driven off by heat« 

Otitide 6f amimdftj/ aM6 fM^ ^ftsily and i^b^ 
limes in th« f^rm ^f 4 whit^ tapour. Thiif oxidei 
sueh as ia obti^ned by pfcfdpitation^ waihing 
and drying, often inflames before it ^li^d, bttma 
Ukci tindef^ becomes infusible and is 6onv^ted 
into aatimotiious add. On dharooal it ii r^u^ed 
to the metallic state, colouring the flame gre^iiih 
in the proeess. 

AMlmonioui Ucid does not fusoi but gives out a 
bright light and diminid^s in bulk in the interim 
flame, whilst the charcoal is covered with white 
fumes : but it is not leduoed like the oxide. 

Antimonic acid whitens on the first impulse of 
the heat ^d is converted into antimonious add ; 
if it contain Wiltct it gives it off and passes from 
whib^ tD yellow; it then by ignition gives off 
toygen and lesumeti its white colour. 
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The oxide' and the adds of autimony preset 
the same phenomena mth the fluxes. 

Borax dissolves a large quantity of antimonious 
add mthout becoming opaque. The gkss has a 
yellowish, tinge 'Whilst hot, but loses it in great, 
measure on cooling* When saturated, some me- 
tallic antimony sublimes and condenses on the 
charcoal round the assay ; if the glass be strongly 
heated by the redudng flame it becomes opaque 
and greyi^, in consequence of the metallic parti- 
cles formed in it* 

Salt of phosphorus forms a tranqwrent colour- 
less glass with the add. On the platina wire, in 
the oxidating flame, the glass acquires a feeble 
yellowish colour which disappears on cooling* If 
it contain iron, it assumes in the reducing, flame 
the same red colour as tungstic add, and the ferru- 
ginous oxide of titanium. By a strong blast the 
antimony is reduced and evaporates, and the colour 
disappears* The addition of tin produces a simi- 
lar effect* 

IVith soda it fiises on the platina wire into a 
tranq>arent colourless glass, which turns white on 
cooling. It is redudble on diarcoal. 

15* Oa^ide of Tellurium. 

Alone, on platina foil, it fuses^ and gives off 

fumes; on charcoal it fuses and is reduced with 

effervescence. The reduced metal may easily be 

confounded with bismuth and antimony; under 

3 
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the article bismuth^ I shall shew how they are ^Qs- 
tingoished. 

^ith borax and the salt of phosphorus on the 
platina wire, it gives a clear colourless glass, which 
becomes grey »id opaque on charcoal, from a ^eat 
niunber of particles of reduced metal. 

JVith soda on the platina wire, it gives a colour- 
less glass, which becomes white on cooling. It is 
reducible on charcoal.^ 

16. Oxide of Columbium. 

AlonCf no dhange. 

With borax it forms a colourless transparent 
glass, which becomes opaque by faming, and, if 
the proportion of oxide be large, enamel white on 
cooling. 

With the salt of phosphorus it fuses readily, and 
in large quantity into a colourless glass, which re- 
tains its transparency on cooling 

With soda, it combines with effervescence, but 
without the solution or reduction of the oxide. 

Since the oxide of columbium in these respects 
resembles the earths, properly so called, it might 
easily be confounded with some of them, in an ex- 
periment with the blowpipe. Its combination. 



> It is not easy to collect the little globules of tellurium 
into one. In larger operations, the addition of a portion of 
nitre thrown on the hot metal in the crucible or retort, 
will assist its fusion into a mass. C. 



]mrwt^,9iiik^ mi^ at {^o^pitiapu dew Mi lie- 

comes opaque on cooling, even though tkB ^jiuiis 

ji^ ^ » Ir^iib «§i[«MSf .^ ti»(^ ^^ to ^ fl^ i9f 
phosphorus, it ,^ise9d« jttiftlf lioilisra^ iorar iiie 

fgtrfst wMkt w i^i(m i hisA tb» part mi ^Mfii dees 
not turn milk white ; it becoiMS jMmir4raxi6parent 
like silica, from which however it differs in its 
action with sg^. Oxide of odqinbi^pn is distin- 
guished from alumina hy the phenomena it pro- 
duces with' borax, and the solujtion xd .Qpb^lt ; the 
Mt$x ^y$M Txo blue colour wiih px^de of cplnm- 

17. 0.vide of Titanium. 

Alom, it uixdergoes 00 Qh,ange. 

mth borax on the pl^tiixa wire, it fii$es x^^MJ 
into a colourless glaj§a, whi^ become^ white ipilk 
^yfl(Wing. Jf tbe j^roportioA of tlje oxide he inr 
isriea&ed* the ^lass turns whitQ ^^ppnlaiwpwsly on 
cooling. If the quaj^tity of oxide be ^if^ the 
glass ficst becofloacs y^ow in the ri^ujcipg ft»WJ,e, 
ajod wheitx the jci^uction i$ ippn^i^t^ it a^sm^fs a 
dull amethyst colour, which becomes more distinct 
on cooling. This glass is transparent and a good 
deal resembles that of the oxidie of njianganese 
acted on by thg o:^,di^%i^^^T(^^\^^^ 
more to blue. With a ]m^^ |)i^artian ^ef the 



ike redudug flame, and <m ^woHng^acqmres 8o4^ 
a blue oolour, tbat it appeals Uaek and opaquf. If 
it be tben jft0med$ it beoemes Ijgbt U^ but 
jtqpaque and Hke ^saiaeL The beauty <^ ibe hlw 
4aitt varies in dtfibrent jtssaj^. These ]^iePomeim 
se occasioned by the ^hm eostaiaiag beth per^ 
lOKide and firotoxide ; the latter tends to give it # 
idaik bine eoloui:, aad the £i»t,iirhsch does net mh^ 
tajbnte to its ccdom:^ causes it to smunefin^/SlasfMi^ 
illie appeacaaoe of a white enameU fiom^mia:^ 
^fcuxe of ^e white asad i^ ^ssf hlHe, aiaaes the 
4]gfat Hoe, udiose hitaa&itjr defends entii^y on the 
jdative quantities of the peroxide and pirotoadde in 
the glass ; if that of the iormer be small» the gkss 
remains Uadc; but if it eontain only a littJe of 
the protoxide, it whitens hy ^fiammg. 

SaU ofphoiphortis du»cdv;es oxide oi titanim 
in the exterior iiame, and oenv^ts it into a dear 
fioburless g^ass. In the redudng flame; tUs oside 
gives a glass whidi apfieacs yellowiah whilst hot, 
hut on oodl&]^ at Jrst reddens, »id at last assumes 
A Tiery beauti&l bluish violfit- colour. Witih too 
barge A quafitity tx)f oidde Ite colour is ao decf) that 
the gkss seems iqpaque, without, howevec, having 
the ii|)pearanQe of ^nameL The colour xnay be 4ift- 
^ged by the cxterkr fljone. The reduction is 
ily fitifected on charcoal than on the pla- 
tina wire, but «Ten oa diarooal a wdl sustained 
flame is ixecessary, particulaily in the .assay ^ vd- 
nerjiU csontainmg titamum, as aphene. The.addi* 
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ti<Hi of tin considerably fadlitates and accel^^tes 
the reduction. If the oxide of titanium contain iron, 
or if we ^d iron to a glass coloured by oxide of 
titanium, the violet colour derived from the pro- 
toxide diss^pears, and in the reducing flame, the 
glass assumes a red colour similar* to that deve- 
loped by the ferruginous tungstic add. If these 
substances be in small quantity the colour becomes 
yellowish red, but it does not appear till the glass 
b^ns to cool, and generally does not acquire its fiill 
intensity till the globule is perfectly cold. Such is 
the delicacy of this test, that when the glass contains 
so little oxide of titanium that we cannot decidedly 
ascertain its presence by examining the colour, we 
may immediately perceive it by adding iron, parti- 
cularly metallic iron, when the eflfect is infallibly and 
unequivocally produced. The glasses of ferruginous 
timgstic acid, ferruginous antimonious acid, 'and of 
oxide of nickel, also assume the same shade in the 
reducing flame ; but it is easy to ascertain which of 
these substances is combined with the iron. A few 
moments' good blast with the reducing flame is suf- 
ficient to drive off the antimonious add; which 
done, only the tint derived from the iron remains. 
I have akeady said, that the ferruginous tungstic 
add gives a glass with tin sometimes green, some- 
times blue ; now if the glaiss of ferruginous titanium 
be treated with tin, the colour derived from the 
iron disappears, and the violet tint of the protoxide^ 
of titanium re-appears. That this eflfect, however, 
may be produced, it is essential that the colour of 
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tilie glass be not vefy intense ; if it be, a fresh por- 
tion of the flux must be added. But, since it 
often happens that the colour in question is deve- 
loped by so small quantity of the ferruginous, oxide 
of titanium, that the oxide of titanium it contains 
could not alone have produced any sensible effect, iii 
such case, tin entirely destroys the colour and the 
action is annihilated. We must then form a glass 
Mrith the assay and the salt of phosphorus, .which 
must be completely saturated with the substance, 
and treat it with tin ; in this way we may .fre- 
quently succeed in developing the colour derived 
from the oxide of titanium, particularly after the 
glass is quite cold. The effect produced by the 
oxide of nickel is distinguished from the precede 
ing, by its attaining its maximum when the glass 
is hot, and disappearing almost wholly on cooling, 
and by its being the same both in the exterior 
and interior flame, whereas the effect produced by 
the other substances disappears in a good oxidating 
flame. The modification produced by iron on 
oxide of titanium and tungstic acid, does not take 
place with borax. 

With soda, o^de of titanium frises with eSsx-^ 
vescence and sputtering, into a dull yeUow tran»^ 
patent glass, which is not absorbed by. the charcoal^ 
and beocnnes white, or greyish white on cooling; 
This glass has the property of crystallizing at the 
moment it ceases to be igiiited^ disengaging at the 
same time so much heat, that the globule ignites^ 
afresh, and even becomes white hot. The same 
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phenomenon occurs with all bodies that crystallize 
at a high temperature, as, for example, phos- 
phate of lead, but I have never seen so much 
heat developed by crystallization, as in the preced-^ 
ing instance. The intensity of the phenomenon 
dqiends chiefly on the soda and oxide being ex« 
actly in the proper proportions. If we employ 
more oxide of titanium than the soda can dissolve, 
so that the parts not fused remain suspended in 
the glass, the phenomenon does not take place; 
but if we then add small successive portions of 
soda, till the exact quantity necessary to fuse the 
oxide be attained, it appears in all its brilHancy. A 
*afl» 4«-tity dimiBuS the e«^ «>d Jth . 
Itagt excess of soda the whole mass is absorbed by 
^ diarcoal. 

. Oxide of titanium is not reducible with soda on 
charcoal. I used in my experiments the oxide of 
titanium extracted from French rutilite by Lau* 
giev's process, and in every trial to reduce it I ob- 
tained some flattened grains of a white, unmagne- 
tie malleable metal, having aU the appearances of 
tin ; I found afterwards that when this oxide of 
titanium has been digested in hydrosulphuret of 
ammonia, that reagent separates oxide of tin from 
it by solution, whieh remains after the water has 
been evaporated and the dried mass roasted, and ia 
eanly reduced to a metallic globule. 

With solution ofcobaU^ the oxide of titanium 
assumes a black, or greyish Ma(^ colouiv 



18. Osides of Uramum^ 

Alonti the piefdSiide of mm^nixi l)iackens, ^md 
passes to the state of protoxide, but does not fuse. 

Wkh bora^, it fiises iiito a dark yellow f^B, 
which becomes dirty gt^en in the i^ucitig ft&me^ 
The yellow coloiu: may be restored by the oxidat* 
ingdatne oa the ]^tm^ wite; oit deasoral the 
operatiofi i» vi^ry dtffimiltv Tlie gteea ghiB% dt a 
eertaiift degree of satotatioBs^ Imcameif Vkack by 
flamingo but neither erystaOine, nor I&0 enanie)^ 

/r»/A m// qfphciphorui <m tl^ phtiiia wixe^ it 
fUses in the <»d4atiiig ilame into a trknpiirdht yd« 
k^ glass, whose cdbw fades on coolmg^ aisd £M; last 
beeomes straw yellow with a slight fingl^ of gncsh^ Is 
the reducing flame it gives a fine gr^il glass^ wbiM 
eolour increases itk beftUty by e^olifig^ On diar^ 
coal it is difficult to obtain dny ofh^ thatt ft ^6eft 
colour, although its intensity ^nninl&lied in tha 
oxidating fiaine. 

So^ does not dissolt^ oodd^ of uvaniufi^ Witii 
an exceedingly small quantity of this flux, s<»ffa 
signs of fusion ard perceptibfe $^ a ^ffgr {K)rfiion 
gives the aesay a yellowish brown cd^loar^ aming 
from the fbrma^n of an oxide, vMeh sattmites 
Hhe aleaB like an acid ; with a still larger qnantity 
of soda, it is absorbed by 1^^ charcoal, bert not t^ 
duced. Traces of tin are commonly found in the 
assay if that metd have noli been previbusly se« 
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parated from the oxide by sulphuretted water/ or 
hydrosulphuiet of anmlonia. 

19. Ojndes of Cerium. 

Alone 9 the protoxide passes to the state of per- 
oxide. The latter suffers no change even in the 
reducing flame. ^ 

Borax dissolves the oxide in the exterior flame, 
and &rms a beautiful red, or deep orange yellow 
glass, whose colour fades on cooling, and is ulti- 
mately reduced to a yellowish tint ; by flaming, 
the glass becomes enamel white. In the reducing 
flame it loses its iK)lour. With a larger proportion 
of oxide, in the reducing flame the glass turns 
spontaneously enamel white, and becomes crystal- 
line on cooling. 

With salt of phosphors? the oxide fiises into 
a fine red glass, whidi loses its colour on cooling, 
and becomes as limpid as water. In the reducmg 
flame the glass becomes colourless, but never dis- 
Eiolves enough of the oxide to be opaque on cool- 
ing- , 

With soday it does not fiise ; the soda is absorb- 
ed by the charcoal, and white, or greyish white pro- 
toxide of cerium remains on the surface. 

The efPects of oxide of cerium very much re- 
semUe those of oxide of iron, efipeciaUy if the ce- 

' Solution of sulphuretted by drogen. C 



.. 
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ritim be combmed with silita, for that substaniee 
prevents the glass which it forms with borax from 
losing its transparency ; the protoxides of iron and 
cerium, however, do not behave alike with respect 
to the fluxes ; nevertheless, when in simultaneous 
combination with silica, as they usually are, the 
presence of oxide of cerium cannot be ascertaiitecl 
by the blowpipe. 

20. Oxide of Manganese. 

Alone, does not fuse, but turns brown in a strong 
heat. 

With boras, fuses into a transparent amethyst 
coloured glass, which loses its colour in the reduc« 
ing flame. If the proportion of oxide be large, 
the instant we discontinue the blast the reduced 
glass must be thrown on a cold body ; it would 
recover its colour if cooled slowly. With a very 
large proportion of oxide, in the exterior flame, the 
glass ultimately assumes so deep a colour, that it 
appears Hack ; but when drawn out to a thread 
its transparency is evident. 

With salt of phosphorus it fuses easily into a 
transparent glass, colourless in the reducmg flame, 
and amethyst red in the oxidating, but never so 
deep as to render the glass opaque. Whilst in 
Aision in the exterior flame, whether on the pla- 
tina wire or on charcoal, the glass boils up and 
gas is disengaged. This effervescence ceases in 
the reducing flame, but immediately begins again 



lot WSl^AhhlQ QKIJ>%U, 

\f lafbmg Ae ghsB to the owdiitiDg flftine. We 
Bwy explrfn this phenomenon, by spying, tib^t tho 
ghuss glohnle is peroxidated at the suriaee ; that its 
rotfttoiy motiim cames the peroxide into the mimm 
of the mM9» when the oxygen is e^cpeUed by the 
ph06ph(»ic mdt at the mme time that the mlt of 
peroxide is converted into salt of protoxide, Henee 
also, the salt of phosphorus never acquires the ame^ 
thyst colour beyond a certain extent, for the glass 
can only contain a certain quantity ctf salt of per^ 
oxide. In general, the metallic glass formed with 
bprax i9 more easily retained in the oxidated than 
in the reduced state ; the glass made with sal,t of 
phofiphorus, on the cpntrary, rather preserves a 
fstate of complete reduction, and cannot be perfectly 
pxidated^ 

If the glass of salt of phosphorus and oxide of 
ms^ganeie^i contain so small a portion of the latter 
that it appears colourless, the colour may be deve^^ 
loped by applying a crystal of saltpetre to the fused 
globule, in the manner described under the article 
saltpetre (page 58). The saltpetre causes the 
assay to foam up, and the foam on cooling assumes 
an waethyst or pale rose colour, according to the 
pr(^portion of the oxide of manganese. 

With soda on the platina wire, or foil, oxide of 
manganese fuses in very small quantity into a green 
traiisparent mass, which fixes on cooling, and be* 
oralis bluish green. The experiment succeeds best 
on the foil ; for as the oxide of manganese dissolves 
ift the soda^ the liquid mass flows over the surface 
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of the platipa, whence its ooloor in easily oeeii after 
it is cold. Oxide of manganese^ not Moeeding 
1-1 000th part of the weight of the assay, gives a 
sensible green colour to the soda ; by means cf 
this colour the slightest traces of manganese may 
be detected. Manganese is not reducible by soda 
on charcoal ; but if it contain a very little inm, 
that metal may be reduced and separated in the 
usual manner. 

21. Oj^ide 6f Zinc. 

Alone^ it assumes by heat a yellow colour, dis- 
tinctly visible by day, but not by candle light. Its 
white colour returns on cooling. It does not fuse, but 
gives out a brilliant light whilst in the state of in- 
condescence, and is gradually dissipated before the 
reducing flame, a white vapour condtosing at the 
same time on the surface of the charcOaL 

With borax it fases readily into a transparent 
glass, which becomes milky hyjlamingj and with a' 
larger portion of oxide assumes the whiteness of 
enamel on cooling. In the reducing flame the 
metal sublimes, and the charcoal is covered with 
white fumes at a small distance from the glass. 

With salt cf phosphorus it behaves as with 
borax, except that it is not so easily reduced and 
subEmed with the first as with the second. With 
regard to its re-actidns, it resembles most of the 
tearths^ {H!<qperly so called. 

^da does not dissolve it ; but when treated with 



\ 

.' 



104 M£TALLIG OXIDES. 

that leagent on charcoal, it is reduced, and coVen 
the support with vapours of zinc; with a good heat 
the zinc may even he inflamed. This is the prin^? 
dpal character of the oxide of zinc ; and in those 
minerals which contain it, as for instance, gahnite, 
it is from the white fumes which cover the char- 
coal, when they are acted on by soda, that we 
ascertain the presence of this oxide. 

fFith solution of cobalt it gives a gre^ colour. 

22, Oside of Cadmium. 

Alone, on pktina foil, in the exterior flame it 
undergoes no change. On charcoal it is dissipated 
in a few seconds, and the charcoal is covered with 
a red Qr orange yellow powder. This phenomenon 
^s so marked with oxide of cadmium, that minerals, 
yv^hich, like c^honate of zinc, contain one or two 
per cent, of carbonate of cadmium, when exposed 
for a single instant to the redudng flame, deposit, 
at a little distance from the assay, a yellow or orange 
coloured ring of the oxide, most distinct when the 
charcoal is cold. This ring forms long before the 
oxide of zinc begins to be reduced, and if floccuU 
of that metal appear at the same time, it is a proof 
that the blast has been pushed too far ; but if we 
can discover no yellow trace before the fumes of 
zinc begin to condense qn the charcoal^ we may 
conclude that the assay contains no cadmium.' 

< I am indebted for the following to the kindness of my 
^end. Dr. £• D. Clarke :-:-If platina £91! be Hs^ for ibe 
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' Borax dissolves it in large quantity on the 
platina wire, and gives a transparent glass of a 
yellowish colour, which in great measure disappears 
on oooHng; if the glass be nearly saturated it 
^becomes milky by flammg, and if completely satu- 
rated it spontaneously assumes the whiteness of 
enamel as it congeals. On charcoal it keeps up a 
continual bubbling, the cadmium is reduced and 
sublimes, and the charcoal is covered with the 
yellow pulverulent oxide of cadmium. 

Salt of phosphorus fuses it in large quantity 
into a transparent glass, which, if saturated, be- 
comes milk white on cooling. 

JVith soda, on the platina wire, it does not fiise. 
On charcoal it is reduced, sublimes and leaves a 
circular trace of a yellowish colour. 

23. Oxide of Iron. 

Alone, in the exterior flame, no change ; but 
blackens and becomes magnetic in the interior 
flame. 

. With borax, in the oxidating flame, it fuses into 
a dull red glass, which becomes dear on cooling, 
and finally assumes a yellow tint, or entirely loses 

suppprt, iostead of charcoal, the yellow or orange coloured 
ring i» not only conspicuous upon the platina, but by exposing 
it to the point of the blue flame, the metal is revived, and 
afterwards deposited upon the platina, during its combustion, 
in the form of a prptpxide, exactly like polished bronze or 
copper. C. 
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its oolonr* If tlie |nroportion of oxide be large» the 
gkss is opaque whikt fluids and assumes an impure, 
dull yellow colour on cooling. In the reducing 
flame it becomes bottk green, and if the reduction 
be pn^ed as &r as possible, it acquires a lively 
bluish green colour^ exactly like that of the vitriol 
obtained by dissolving iron in diluted sulphuric 
acid. Tin accelerates the total reduction of the 
peroxide to the statd (If^rotoxide. The bottle 
green colour is derived ^irora a mixture of the 
peroxide and protoxide,^ and is sometimes ik> deep 
• that it appears blacks As long as the glass contains 
only the peroxide of iron, it continues transparent 
whilst in fusion; but as soon as it is exposed to the 
reducing flame and the mixed oxide begins to be 
formed, it becomes opaque, and remains so till the 
whole is converted into protoxide, when it resumes 
its transparency. The gre6n colour of the protoxide 
is very beautiful whilst the glass is hot, but it fades 
on cooling, and is imperceptible if the quantity of 
iron be small. 

With salt of phosphorus^ it fuses and presents 
fhe same phenomena as with borax, but the colour 
fades more on cooling: tin makes it disappear 

 ** Oxide Jerrosoferricum*^ — a compound, according to 
Berzelids, of one atom of protoxide and two atoms of peroxide. 
I have given my reasons in the preface for not adopting my 
attthor's nomenclature in this and many subsequent instafrces, 
I do not expect that he will acquiesce in the change I have 
adopted, but, as no disrespect is intended, I trust he will pardon 
pje. The English reader, I hope, will pardon and appr&oe, C, 

3 



simmt wholly. A glaes, contaimng a large quan- 
tity pf oxide of iron, gives with tin a pale hluish 
green colour; sometime* at the first moment of 
cooling, the vitripus globule has a superficial pearl 
grey coating, but this appearance vanishes if we 
renew the blast 

Soda does not dissolve oxide of iron, but is a1>* 
fiorbed with it by the charcoal, where the oxide is 
easily reduced, and, aft^rvEhe assay has ceased to 
foam, affords a grey powdpr wUch is metalUc and 
magnetic. 

24. Oside of Cobalt. 

Alone, no change. 

TVith boraSf fiises readily into a transparent 
blue glass, which does not become opaque by 
flaming. A small quantity of oxide gives a deep 
coloured glass ; with a larger quantity it appears 
black. 

fFith salt of phosphorus it also ftuses readily 
into a blue glass; by candle light the colour appears 
violet — by day, pure blue. Ifthesaltofphosphorua 
have only a slight blue tint by day, it appears rose 
colour by candle light. 

Soda, on the platina wire, dissolves but very little 
oxide of cobalt ; whea viewed by transmitted lights 
the fused mass has a pale red colour, and becomes 
grey on cooling, On platina foil, the fused portion 
of the oxide flows over the surface, and envelopes 
libfi unfused portion with a thin dull red coating. 
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With subcarbonate of potassa, oxide of cobalt 
fuses in much larger quantity, the salt does not 
flow so much ahroad, and the congealed mass is 
black, without any mixture of red. This might 
be used as a characteristic to distinguish the two 
alkalies, (soda and potassa) if it were not quite as 
easy, and much more certain, to expose the alkali 
we are in doubt about to the air, and observe if it 
become moist or not. 

Oxide of cobalt is very easily reduced in the 
interior flame with an alcali, or an alcaline salt on 
charcoal, though we take so small a portion of the 
re-agent that the mass is not absorbed; but it does 
not fuse. After washing away the soda and the 
charcoal, the residuum is a grey metallic powder^ 
which is magnetic, and assumes under the polisher 
the characteristic brilliancy of metals. 

25. Oxide of Nickel 

Alone, no change. 

PTith borax it fuses readily into an orange 
yellow, or reddish glass, which becomes yellow, or 
almost colourless, on cooling. With a larger quan- 
tity of the oxide the glass is opaque and dull brown 
whilst in fusion ; but, on cooHng becomes dull red 
and transparent, like ferruginous tungstic acid with 
salt of phosphorus. The reducing flame destroys 
the colour and the glass becomes grey, from the 
mixture of finely divided particles of metallic 
nickel dispersed through the mass^ By continuing 
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the blast, these paxtides may be upite4 but^not 
fused. If the oxide of nickel contain cobalt, as 
often happens, the colour of that metal prevails ; 
if arsenic also be present it fuses into a bead. 

fFith salt of phosphorus it fuses with the same 
phenomena of colotu*, as with borax; but the c(^ur 
almost wholly disappears on cooling. It behaves 
in the same way in the oxidating and reducing 
flame, whence it is distinguished from oxide of 
iron, which it otherwise mudi resembles in its 
characters before the blowpipe. Tin at first pro- 
duces no change, but afterwards the nickel is pe- 
eipitated, and the colour disappears. Cobalt, if 
present, may then be perceived, but the blue gkss 
it affords is opaque; and, in general, cobalt is not 
so well detected in this manner as with the glass 
of borax. 

Soda does not dissolve oxide of nickel : a large 
quantity of this flux causes it to be absorbed by 
the charcoal, where it is readily reduced ; and, by 
washing, we obtain small, white, brilliant, metallic 
particles, more strongly attractable by the magnet 
than, perhaps, even soft iron. If the proportion of 
soda b^ small, the mass remains on the surface of 
the charcoal, but the nickel is nevertheless reduced, 
and may be collected by washing. Pure nickel is 
not ftisible by the blowpipe. Nickel containing 
traces of arsenic does not fuse with soda ; but if 
we add borax it fuses into a globule, capable of 
jbeing flattened under the hammer, but whose 
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edged eoflunonly ^lif^ And are magnetk m ^ higlt 
degree.* 

£6. Bismuthf Oxide of Bismuth. 

Jlontf on platina foil^ oxide of l^smutk fuses 
leadily into .a dull brown mam, which beeomea 
yellowish on cooling. With an intense heat, it 
luses and perforates the platina. On charcoal, it 
is instantly reduced into one or several metalj^c 
globules. 

fVith borasy in the exterior flame, it fuses into 
a colourless glass. In the interior flame it is re* 
dnced, and gives a greyish glass, whidii is obscure 
firom the metallic partides dispersed through it. 

Salt of phosphortis dissolves it into a yellcmish 
brown glass, whilst hot; and, when cold, colourless^ 
but not perfectly dear. In the redudng flame, 
pacrticularly with tin, we obtain a glass, dear and 
colourless whilst hot, but opaque and greyish 
black when it congeals. Protoxide of coppef 
presents nearly the same phenomena under the 
same circumstances, except that it gives a red 
eolour^ This hct seems to indicate, that theref is 
a lowCT state of oxidation at which bismuth is 
capable of acting as a salifiable base than tibat 
determined vid humidd. 

* ** Mais doni les bords se d6chirent ordinairement sous le 
marteau, et sont magnetiques ^ un haut degr6.** Does this 
tnean that the erfg^e; only are magnetic? I ghre it as I find it. C. 
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From the facility with whi«h bismuth h reduoed^ 
it happens that in operating on it by the blowpipe, 
the experiment sdmost always b^afs Upon the metal 
itself* Hence it becomes very impojrtant to know 
how to distinguish it from antimony and tellimum, 
with which it may easily be eonfounded* ' 

(a.) In the matrass neither antimony not bis- 
muth sublime at any t^mpeifatore thai tile glasH 
can support without fusing* Tellurium, on the 
contrary, first gives off a few ftimesC (^m the 
oxygen of the atmospheric air), and afterwards we 
obtain a grey suMimate ef metallic tellurium* 

{b.) In the open tube antimony giiTes off white 
fames, which cover the interidr of the tub^ and 
may be driven from one part of ifr to another 
without leaving any mark. The metallie globule 
becomes surrounded, by a eossiderable qujintity of 
frtsed oxide. 

Tdilnrium ^ves off a large quantity ^f fumes^ 
which adhere to the sides of the tube as a white 
powder, capaMe of fusion into (iear colourless drops. 
A small portion suUimes, but the whole of the 
remainder is converted it&to^^elie little drops^ 
which, however small, roll about the surface of the 
glass when acted on by the heart. - If the layer of 
white powder be thin, it insensibly disappears dur« 
ing the op^^ation, as if it were sublimed ; but, by 
the microscope, we may peredve that it is converted 
into exceeding small drc^. The metallie ^obule 
is surrounded by a dear, almost colourless, frised 
oxide, which, on eaohiig» becomes white, opaque. 
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^d foliated^ in the thicker parts. With a hrisk 
heat, and a gentle current of air, a part of the 
metallic tellurium sublimes and condenses in the 
fonn of a grey powder. 

Bismuth (provided it be free from sulphur) gives 
scarcely any frimes/ and the metal is surroimded 
by a dull brown frised oxide, which retains, when 
cold, only a yellowish tint. It acts strongly on the 
glass. 

(c.) On charcoal all the three metals fly off in 
fumes by a gentle heat, leaving an areola round 
the spot where they lay. That of antimony is 
quite white ; those of bismuth and tellurium are 
red or orange at the edges. If the reducing flame 
be directed on this mark, it disappears, and the 
flame assumes a fine deep green colour if the areola, 
be owing to tellurium, and a pale greenish blue if 
to antimony. If the areola be occasioned by bis- 
muth, the flame is not coloured. I should add 
here, that the odour of putrid horse-radish, attri« 
buted to tellurium, is not at all perceptible if the 
metal be pure; it arises entirely from the selenium, 
which, in some minerals, accompanies tellurium. 

27. Owides of Tin. 

AlonCf the protoxide, whether pure, or in the 
state of hydrate, takes fire and bums like tinder^ 
and is conrerted into peroxide. The peroxide 

.  See StiljAuref of Bismuth, amongst the miaerals. B... 

1 
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ctdes not luse nor suffer any change;^ but is per^ 
fectly reducible to the metallic state by a strong 
reduci]^ flame Well kept up without the help of 
any re^-ageat: the operation, however, requires skiU. 

With borax fiises with difficulty and in sttiall 
quantity into a transparent glass, which remains 
so on oooUng, and cannot be converted into white 
enamel by flaming ; but, if the glass be saturated 
with oxide, and, when completely c(dd, it be heated 
afresh in the exterior flame to incipient redness, it 
then becomes opaque, loses its round form, and 
snffers a sort of confused crystallization. The 
colour of the glass does not change in the reducing 
flamCft 

With Mlt of phosphorus oxide of tin fuses with 
difficulty and in smdl quantity into a transparent 
colourless glass. If we add oxide of iron^ it (the 
oxide of iron) loses the property of colouring the 
glass, but with certain limitations, for a given 
quantity of oxide of tin, can deprive only a propor- 
tionate quantity of oxide of iron of its colouring 
power,-^the ejpcess would impart colour to the 
glass as if no oxide of tin w^e present. .Arsenic 
makes the glass opiEtquct 

With soda, on the platina wire, oxide of tin 
combines with effervescence, forming an infusible 
turgid mass, insoluble in an additional quantity of 
soda. On charcoal it is readily reduced into a 
globule of metallic tin. Some native oxides of tin, 

' It seems as if something were omitted here, probably the 
words, ** in the oxidating flame.'* C. 

I 
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especially such as contain eolumbitim^ajre not eadily 
leduced with soda, so that) on a first experiment^ 
ime might donbt its presence; but if we add a 
small quantity of borax» the reduction is imme^ 
diately accomplished. 

Tin oftoi occurs in nature^ as an acddental and, 
relatively, very raiall constituent part of the ores of 
oolumbium, titanium and uranium, and perhaps of 
aome others, where its presence would be little 
suspected in experiments made in the moist way; 
but when treated with soda in the reducing flame, 
particularly after separating the iron, metallic tin 
is always detected even though it enter in no 
larger proportion than l-200th part of the weight 
of the ore. If the propcniion of iron be inconsi- 
derable, its reduction may be prevented to a certain 
point, by adding borax to the soda. 

28. Oside of Lead. 

Alone^ minium appears black whilst hot, and at 
VL incipient red heat changes to the yellow oxide. 
The latter ftuses into a fine orange-coloured glass, 
which on charcoal is reduced with effervescence to 
a globule of lead. 

WUh borax on the platina wire, it fiises readily 
into a transparent glass, which, when saturated, is 
yellow whilst hot, but becomes colourless on cooling. 
It does not retain its globular form on charcoal, but 
spreads over the surface, whilst the lead is reduced 
with bubbling and flows towards the edges.^ 
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' WUh salt of phosphorus it fosas eaadljr iiito a 
transparent colourless glass. When saturated it 
appears ydlowish whikt liquid, and faeeomes enamel 
white on oooling. It is not reduced in the inteiuxr 
flame unless there be an excess of oxide of lead. 

With soda on the pl^ina wire oxide of lead fuses 
readily into a tronsparait glass, which becomes 
yellowish and opaque on cooUng. On charcoal it 
is instantly reduced. 

29. Oxide of Copper. 

Alone, in the oxidating flame, oxide of copper 
fuses into a black globule, which soon spreads over 
the charcoal, and is reduced at the lower surface. 
In the reducing flame, and at a temperature not 
suffident to fiise copper, the oxide is reduced, and 
displays the metallic brilliancy of that metal ; but, 
as 80(m as the blast is suspended, the metallic aur<- 
face re-oxidates, and becomes blade or brown,^ In 



I 1 Gito, wiio had eoBiiderable copper works at Fabioii, 

which he supertateiuled with great ^re, ohserred Ifaat otw 
from dif&rent parts of the osiae required different modes of 
treatment, that the Iq3S of metal in roasting should not be 
excessive. To ascertain at once if a scoria contained more cop- 
per than it ought, he assayed it by the blowpipe, by exposing 
large tbm scales, first to the i»xidatiflg flame, to bum <rfr tii^ 
sulf^nr, and then to the reducing flame, in sudi a manner 9» 
to cause it to cover the whole roasted surface. If a scoria 
contain copper, points, striae and marks, having the odour 
and brilliancy of that metal, are perceptible on the surface, 
and their quantity indicates that of the copper in the slag. 

I 2 
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a stronger heat it fuses into a globule of metallic 
copper. 

fFith borax in the oxidating flame, oxide of 
copper fuses readily into a fine green glass, 
which becomes colourless in the redudng flame, 
but on congealing assumes a colour bordering on 
cinnabar red, and becomes opaque. If the oxide 
of copper be impure, the glass usually becomes 
deep brown, and does not assume the appearance 
of enamel unless exposed to an intermitting flame. 
If the proportion of oxide be considerable a part of 
it is reduced in fused globules, which are obtained 
by pounding the glass. 

With salt of phosphorus it fuses and exhibits 
the same shades as with borax. If the proportion 
of copper be inconsiderable, the glass sometimes 
becomes transparent and ruby red, after exposure 
to the reducing flame, nearly at the moment of 
congelation. Commonly the glass becomes red 
and opaque like enamel. 

If the quantity of copper be so small that the 
charaeta: of the protoxide cannot be developed by 
the reducing flame, we add a little tin to the assay 
(whether the flux be salt of phosphorus or borax) 
and immediately continue the blast. The before 
colourless glass now becomes red and opaque on 
Pooling. If the blast be kept up too long, the 
copper precipitates in the metallic state, particu- 

It is seldom that scoriae are entirely free from copper^ but the 
^e can soon distinguish an excessive, from the ordinary^ 
quantity. B. 
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larly with salt of phosphorus, and the colour is 
destroyed. 

* With soda on the platina wire, oxide of copper 
fuses into a fine green glass, which loses its colour 
and transparency on cooling. On charcoal the 
mass is ahsorhed and the oxide reduced. There 
is probably no other possible method of discovering 
such minute proportions of copper as may be de« 
tected by the blowpipe, in all cases where it is not 
combined with olher reducible metals, liable to 
disguise its properties. In the latter case we must 
employ borax and tin. If copper and iron be found 
tog<^ther^ the same operation reduces each separately 
into distinct particles, which may be known by their 
respective colours, and separated by the magnet 

30. Mercury. 

All the combinations of mercury are volatile, 
and consequently cannot be acted on by fluxes. 
Substances containing mercury are assayed by 
mixing them with a little metallic tin, or iron 
filings, or oxide of lead and heating the mixture 
to redness in a glass tube closed at one end. The 
mercury is reduced, and sublimes into the cold part 
of the tube, in the form of a grey powder, which, 
by agitation, collects into little metallic globules. 

31. Oxide of Silver. 
AUme it is reduced in an instant. 
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With bora.v it is paitly dissolved and partly 
reduced. In the oxidating flame the glass tums» 
on oooUng, inilk white or becomes opaline, accord- 
ing to the quantity of silver dissolved, even if the 
sihret have been added in the metallie stata In 
the reducing flame it assumes a greyish appearance 
firom the particles of reduced edlver disseminated 
through the mass* 

fFith salt &f phosphorus both the oxide and the 
metal, in the oxidaJtang flames give a yeUo^wish 
glass, which assumeii tiie colours of opal if the 
p r o por t ion of ^ver be augmented; seen in day^ 
light, by refraction, it appears ydlow ; viewed in 
the same mann^ by candle-light, it has a reddish 
colour. It becoiaes greyish in the reducing flazn^ 
Uke the glass of borax. 

The other noble metals, fi^old, platina, iridium, 
rhodium and palladimn, have no action on th« 
fluxes and are incapable of oxidation. All that 
can be done with them by those reagents, is to 
ascertain whether they contain any of the other 
more oxidable metals, which, combining with the 
fluxes. Colour them. We may also fuse them 
with perfectly pure lead and cupel them on bone 
ashes, in order to judge by the cdour of the cupel 
loaded with the oxide of lead, if any foreign metal&i 
be present. Of the noble metals above named, gotii 
IS the only one that can be obtained in a button \ 
each of the others, after the lead is separated, 
forms a grey, slightly paroun, infusible mass, 
which, under the steel polisher, assumes metallic 
l^rilUancyt Platina and paTladJum are maQeaUe, 
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1^ SUBSTA^^CES RESULTING FSOM THE GOlf^ 
BIKATIQK QF COMBUSTIBLS BODIEfK 

1. Metallic Sulphurets. 

They ave known by the odmir of snlphmroiit 
mii which they e^ale when imated on ehamMiI^ 
or in a ghias tube. If the quantity of sulphur in a 
metallic eompouud be too small to render the odov 
perceptible, we fimn a bead of ^bis by fusing sUka 
with soda» on whieh wephoe a small partide of the 
assay; if it contain sulphur, the glass, either im^ 
mei^ti^ or on cooling, assumes a red or yellow 
colour, according to the proportion of s^ptmr* 
But if the colour from the sulphur be concealed by 
colour derived from the metal, the assay must be 
roasted in an open tube, coutauiing in its upper 
part a piece of paper tinged with infrudon of farasl 
wood, which will be Ueached by a portiott of sul^ 
phur quite insensible to the smdl. This process 
should be particularly adopted in roasting the ores 
of antimony, in which it is difficult to distinguish 
the odour of sulphur, on account of the equally 
pungent odour developed by the antimony. 

The prindpal olject in assayis^ metallic sul« 
phurets, is to ascertain the metal combined with 
the sulphw ; wherefim the latter substance must 
be driven off as ecmpletdy as possible by roastii^* 
We th^efore sdect thin lamina of the assay, on 
li^dh the air has more effect than on equal masses 
of a m(»rc solid figure. That they may retain th^ 
lamellar form, we first heat them gmtly, so as not 
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to fuse them. If fiuion inadvertently enfline, it is 
best to take a fresh assay. At a eertfun point of 
the operation, some sulphurets lose the property of 
fusing ; the heat may then be increased to shorten 
the process and decQmpose the sulphate, usually 
formed at its commeneem^nt. The roastii^ suc- 
ceeds well on duocoal ; it must not be attempted 
on jplatma foil, because the foil is frequently adted 
on by the metaL If duurooal be objectionable, the 
operatipn may eainly be performed on a plate of 
mica, taking care to select one that is not too 
frudble, < 

We cannot, till the roasdng is completid, avail 
ourselves i£ the e£Peiets produced by the fluxes. 
The reduction by soda requires particularly the 
entire expulsion of the sulphur ; if ever so small a 
portion be left, eithe^ metallic sulphurets, in which 
the metals cannot be ascertained, are formed, or the 
metals are dissolved and carried off by the sulphuret 
of soda, so that nothing remains in the mortar after 
wadbing the mass. 

2. Metattic Seleniurets. 

^ These arte more readily known than any of the 
other metallic compounds of the same order, by the 
odour they emit when heated in the exterior 
flame ; the better to distinguish which, the assay 
must be applied to the nostrils whilst hot. This 
odour is very strong and very disagreeable, and 
resembles that of decayed horse radish. The smaUesi 
portion of selenium may be detected by it. 
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With ^ass of fillies and soda, ike seiesiuiets 
tafford the same phenommia as die metallic sul- 
fihuretSy bttt their eoloiir disappesrs more readily 
t>y a prolonged blast^than that of the latter. 

Sdtenium :may often be easily obtained in the 
inetallic state,^ by roasting in an open tabe. By 
^dining the tube as occasion requires, we may so 
riegulate the current of air as to oxidate the metals 
combined witii it, whilst the selenium subfiimes and 
displays .a red colour. If a seleniuret and a sul- 
phuret be found together, the selenium sublimes 
m its elementary state, whilst the sulphur is dism^ 
gaged in iMt of sulphurous acid. Some Swedish 
galenas contam a small portion of selenium, which 
may be- detected in this way. If selenium be mixed 
with tellurium, oxide of tellurium first sublhnes, 
and afterwards, nearer to the heated spot, seleaium 
is deposited in the form of a red ppwder. Sul« 
phuret of arsenic sometimes subUmes witii all the 
appearances of selenium, but its odour is different, 

• 

3, Alloys of Arsenic. 

Arsenic is detected by its odour, wlien heated. 
We must here remember, that it is not aresenious 
acidf but metallic arsenic in its volatile state, that 
emits the odour of garlick* If the arsenic be in 

I If selenium must be a metal, it must; but surely its charac* 
ters do not warrant our considering it as one. It's not being 
p conductor of heat or electricity, seem to me decisiTe. C- 
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bi|;e pvf^vti^iis tbe aMiky fi^^ Mid 

d^e odour is peicept9)Ie:at awoadcffaUiedistaiioe t 
wlien its qw^tity b Ijess^ jiDtey ihe lumjf bas bew 
exposed 1^ a good xediiiiAg flame, it must be 
b^ou^t newr the nose whilst fed hot; if the>pro- 
portion be vtsatj small, its odour •cansioib be diaco^ 
w^xeA tiU the assay has be^i treated. i9ilh sOda iA 
the reducbg flamo. The odour of arseuie is so 
good a ekaxacter^ that it may ereu be detected by 
it in the smaQ pertiou of smalts oommonly used to 
giToablue tisige to paper, by exposiag the aahes ^ 
the paper to thereduemg flame. In roastit^ arse^ 
nieal aUoys, the op^ation is b&it begun in a glass 
tube, te the sides of which the greater part of the 
iuTsenic will a4;taeh itself, in the form <^ a white 
cry>U]&ie niblimte of anenioiui add. instead rf 
diflufiing itself duough the air^ There is also 
another advantage in this method-^namdiy, thai 
the odour of the sulj^urous add, if any be present 
iB more poreeptibk afbr the g«8 hag depqnted i«« 
arsenic on the glass. When the greater part of 
the arsenic is thus separated, the roasting is com- 
pleted on charcoal, using alternately the oxidating 
Itnd the reducing flame; because one part of the 
arsenic epmbtnes* as an acid> with the metalfie 
imdes, and must be brought back to the state of 
metal by the reducing flame» in <Hrder to roast it 
a&esh by the oxidating flame. It is, perhaps, even 
more necessary to expel all the arsenic from an 
alloy, tiban the sulphur from a sulphuret, especially 
ii^ experim^ts of reduction ; for metals containing 

2 
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arsenie ar^ ascertaised with grater diffidttUy than 
those combined with sulphur. 

Inioastit^ arseidoal mineprals^ eare must be 
taken not to expoise oneself unneeessarily to the 
Tapoun» whidl are nlwsiys dangwom.' I eon&flfl^ 
faowerer, that I have often been in chambers^ the 
air of which was loaded with the smell of arseidt^ 
without having ever experienced any ill eon8&- 
quences, and I have been astonisfaed at seeing the 
workmen at the silver foundries near Freyberg, 
daily immersed in an arsenical atmoi^here, without 
their health appearing to be injured by it 

4. Alloys of Antimony. 

When roasted in an open tube they givQ eff 
fiiiDtes of antimony^ the nature of which varies 
according to the metals with which the antimony 
U^mtoed. If fl.ey b. ve^ »rid.Me. . Un^ 
portion of the antimony passes off in the state <^ 
antimoniouis acid, and its vapour is infiisible and 
fixed; but if the antimony be combined with 
copper or silver, a volatile sublinmte of oxide (^ 
antimony ccmdenses on the glass; the vapour which 
escapes from the tube has a pungent, but not &etid 
odour, arising eHiieat fiom the oxide of antimony, 
w it seems, or from the anthnonious acid. 

5. Alloys of Tellurium. 

Roasted in the glass tube, they deposit on its 
npper part the same pulverulent coating as pure 
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telliirium. (See Bismuth, p. 111.) The vap<mr 
that escapes from the tube has a pungent odour^ 
analagous to that of the vapour of antimony ; if it 
have the smeU of horse-radish, it is a proof that 
<the assay also contains selenium. The pulverulent 
coating, produced by the oxide of tellurium, is 
distinguished from that of arsenious acid, in being 
fusible, and not crystalline, whereas the latter >^ 
crystalline, and volatilises without fusing. 

6. Metallic Carburets. 

Metallic carburets, analogous to the metallic 
sulphurets and alloys of ars^c, those, namely, that 
are convertible into carbonates, are not found in the 
mineral kingdom. They may be formed artificially 
by the dry distillation of certain salts composed of 
metallic oxides and vegetable acids, or by heating 
different metallic cyanurets to redness in close 
vessels ; they have the combustibility of charcoal, 
take fire like tinder, and, in burning, liberate their 
oxides. But these properties are diiefly owing to 
their loose texture. The metallic carburets most 
frequently found in nature, are supersaturated with 
carbon ; graphite is a famiUar instance. The only 
.characters by which carbon can be distinguished in 
the dry way, are the following :— It bums away 
gradually without either smell or smoke; pul- 
verised and mixed with saltpetre, it detonates on 
platina foil and leaves a residuum of carbonate pf 
potasi^a. 
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C. CHAEACTKRISTIC EFFECTS OF ACIDS, t AS 
COMPONENT PABTS OF SALTS. 

From what has been said on the phenomeaiji 
presented by the metallic oxides, separately con<^ 
sidered, we are now able to ascertain the natiire of 
the base of any saline compound, {)articnlarly if it 
be.metalUc. It remains to show how the add may 
be known. 

1. Sulphuric acid is detected by placing an ex- 
tremely small quantity of the salt to be assayed on 
a ^obule of silica and soda fiised together, or by 
mixing the salt with the soda previous to its fusion 
with the siUca. The second process is the easiest, 
but the first is most certain. The sulphuric add 
is reduced in the operation, and sulphuret of soda 
is formed ; the glass immediately assumes a darl;: 
brown tint, or becomes colourless whilst in fusion, 
and red or orange on cooling, according to the 
quantity of salt operated on. 

2. The Nitrates^ if fusible, detonate with diar- 
ooal ; those which do not fuse are to be heated, at 
first to perfect dryness, and then red hot, in a glass 
tube closed at one end : the tube is soon fill^ with 
the orange yellow vapour of nitrous acid. 

3. Muriatic acid. — I had in vain attempted to 
find a proper test for this acid in the dry way, 
when I was led to the following by an observation 
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of Bergman's; it succeeded beyond my hopes.^ 
We fuse oxide of copper with salt of phosphorus 
into a dark green gldi>ule ; we then add the assay, 
and heat thd whole before the blowpipe. If it 
contain muriatic acid, the globule is surrounded by 
a fine blue flame, inclining to purple, which con- 
tinues as long as any muriatic acid remains in the 
assay. Not one of tibe other mineral acids prodooes 
a similar phenom^on, and such of them as form 
cupreous salts which do of themselves colour the 
blowpipS flame, lose that property when combined 
with salt of phosphorus. For instance, the earthy 
minaral, in whidi the blue carbonate of copper 
(from CSiessy, in France,) occurs, communicates an 
intense green colour to the flame whai heated 
before the blowpipe; but when treated with salt 
of phosphorus, previously satiuated with oxide of 
copper, not the slightest colour is any hmgsr pav 
^ptible in the flame. 

4. lodates. — These, treated in the same manner 
as the muriates, colour the flame widi a superb 
deep green. It is well to observe in this place, 
that the salt of phosphorus, as it bc^ns to lose, 
sometimes throws out Utde pale green flames, 
arising from the combustion of ihe amnM)nia; 
and, when heated pretty strongly in the reducing 



I Bergman observed, that muriate of copper colours flame 
green — an effect which no salt of copper, formed with the 
other mineral acids, produces. B. 
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' flame, it again produces a gieciitBh bfue; but these 
appeaorances cannot be confonnded with the brilliant 
green flame developed by an iodate. 

5. Fluates.^'^iace the discovery of fluoric add 
in many minerals where its presence was not here^ 
tofore siupected, as in waveUite, homblaide and 
mica, it is become important to have the means of 
detecting it by the blo?rpipe. This is more difficult 
with those compounds of which fluoric add is an 
essential part, as fluor spar, topaz, cryolite, fte^ 
tiian where it seems only to be an acddental 
ingiedient, as in mica and hornblende. From the 
first, fluoric add cannot be expelled by heat ; boat 
the second, the relative position of their constituent 
parts changing at the momaat of ignition, the 
fluoric add is disengaged, and usually carries off 
with it a certam quantity of silica. 

If a mineral be very rich in fluoric add, we mix 
it with salt of phosphorus, previously fiised, and 
heat the mixture in an open tube, placing it near 
its lower end^ so that a part of the current of air 
which feeds the flame may enter the tube : fluoric 
add vapour is thus formed, which fills the tube, 
and may be known both by its peculiar odour and 
by its OHToding the glass, which becomes dull 
through its whole length, and particularly at those 
l^aces where the vapour condenses. If paper stained 
red with infusion of brazil wood, be held to the 
mouth of the tube, it immediately turns yellow.^ 

> According to Bonsdorff's experiments, the fluoric* phofr* 
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When, on the oontnury^ flu<Hic add exists in it 
mineral in small quantity, in combination with a 
weak base and a minute proportion of water, we 
need only heat the assay in a tube dosed at. one 
end, and containing a small slip of moistened 
brazil wood paper. The heat disengages the sili- 
cated fluoric add, an unpoli&ed ring of silica 
forms on the glass at a little distance from the 
assay, and the end of the slip of paper becomes 
yeUow ; sufficient indications of disengaged fluoric | 

add. In this manner its presence may be detected 
in that spedes of mica which contains only about 
1-1 30th of its weight of fluoric add. 

6. Phospliates. The unexpected discovery of 
phosphoric add in wavellite and lazulite, has 
shown the necessity of a test for this add, die 
rather, since the property of being predpitated ^ 

with the earthy bases, often occasions it to elude 
the investigation of the chemist in experiments 
performed in the moist way. Reflecting on the 
known phenomena presented by phosphate of lead, 

phoric and oxalic acids turn brazil wood paper straw-yellow, 

a property not possessed by the sulphuric, nitric, muriatic, ^ 

boracic, &c. acids. But he obsenred that some of the latter, 

when diluted with a certain quantity of water, also give it a 

yellowish tinge, though less lively, and slowly developed; 

whereas the effisct of fluoric acid is immediate, and the colour 

a fine yellow. A fluate may often be ascertained^ by merely 

moistening it in a watch-glass with muriatic acid, and, after a 

few seconds, rubbing a piece of brazil wood paper with the 

mixture, when the peculiar effect of fluoric add will be 

evident. B 
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I endeaToured to find a method of detectiiig it by 
means of lead or its oxide; but my researches 
were in vain as to all the phosphates, except phos- 
phate of copper ; I coidd not accomplish my object 
without previously combining the phosphoric acid 
with the oxide of lead in the moist way, — a process 
inadmissible in the series of experiments I bad 
undertaken. After many other fruitless attempts, 
I at length' discovered the following effectual 
method.-We fase the assay with boracic acid, 
and, when the fusion is complete, we plunge the 
end of a little steel wire, rather longer thian the 
diameter of the globule, into it, and heat it in a 
good reducing flame. The iron becomes oxidated 
at the expence of the phosphoric acid, whence 
borate of protoxide of iron and phosphuret of iroii 
result ; the latter frises at a pretty high tempera^ 
ture, and, at the same time, the assay, which had 
spread itself over the whole length of the wire, 
resumes the globular form: as the globule cools, 
an appearance of ignition is generally seen Hear its 
base, arising from the crystallization of the phos- 
phuret of iron. We then remove the globule from 
the charcoal, wrap it in a piece of paper, and strike 
it gently on the anvil with the hammer to separate 
the phosphuret of iron, which we find in the form 
of a brittle metallic globule, attractable by the 
magnet and having a steel-coloured fr£icture. Its 
brittleness depends on the proportion of the iron ; 
it may sometimes be a little flattened under the 
hammer. If the assay contain no phosphoric acid, 

K 
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the steel wire will bum oaly at the ends which 
project beyond the globule, preserving elsewhere its 
form and brilliancy. Since four or fire per cent of 
phosphoric add are insufficient to fuse a mass of 
iron as large as the experiment requires, to be 
imequiyocal, a proportion not exceeding that 
quantity cannot be discoyered by this process. 

Before we proceed to detect the phosphoric 
add, we must ascertain whether the assay may not 
eontain some other substance reducible by the iron 
and capable of being fiised with it into a globule, 
as sulphuric, or arsenic acid, or metallic oxides; 
mnce, in that case, we should obtain compounds of 
their bases and iron. 

7. Carbonates. — The dry way furnishes no test 
that can be substituted with advantage for the 
common one of a drop of muriatic or nitric add. 

8. Boracic acid. — I have not hitherto succeeded 
in my attempts to discover a test for this add by 
the blowpipe — a thing much wanted, since, as well 
as the fluoric, it often occurs in minerals in very 
small proportion, and frequaitly escapes detection 
in analyses made in the moist way. 

9. Hydrates are easily known by heating the 
assay in a matrass, when the slightest trace of 
water will condense in the neck ; almost all sub* 
stances give off a portion. 

10. Silicates are decomposed by salt of phos«^ 
phorus, the silica is disengaged, and the base 
combines with the phoG^hcnic add. If we employ 
only a small quantity of the salt o£ phosphorus, tl^ 



silica gi^erally swdls up ^ the momeat -of deeola-p 
position, sa)d ^bwrhn the hqiaified mmBi b|r a Uig^r 
p^tioQ 4>f the iux, the wiioleiaay be changed inta 
a glohule^ holding in puspeijiaiQa the tumefied Bem^ 
ixmiBfaxent silica, whieh is more distiftetjy mm 
whilst tha glass is agaited than after it is ^pooL 
Most o£ the silicsates give a glass, whiidli is firans- 
paresQt whilst in i^mm, mi bee^mes ^pahne <^ 
cooling. If the assay eontaiii hut little si3ica» it 
geoecally dissolves entirely in the Aue: 

£!very earthy or jsrt;ony substance which* witb 
aoda, &ses with effervesee^iee into a txafisparent 
glass that retains its transparency on cooling, is 
^th(^ silica, or a silicate in which the oxygen of 
the fflJica is, in general, to the oxygen of tiie base, 
as two {at least) to one. The glass of silica and 
soda has the property, therefore, of dissolving as 
much of the base as the soda takies from the silica. 
But if the assay contain only a small quantity of 
siMea^ if, for instance, the quantities of oxygen in 
the silica and base be equal, the decomposition of 
the silicate and the formation of the glass take 
place indeed, but the quantity £u:med is no longer 
sufficient to dissolve the base, whose pores absorb 
the glass. A phenomenon often occurs, in that 
case, which seems a perfect paradox — namely, that 
a mineral may form a transparent glass with a very 
small quantity of joda, which, with a little me^e, 
becomes opaque ; and, with a still larger quantity, 
infusible. This phenomenon commonly occurs 
with the fusible silicates, whose bases, although 

K 2 
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infusible alone^ form, as well as soda, a glass with 
silica. A small quantity of soda displaces a small 
quantity of the infusible base, which, however, still 
remains in solution ; every successive addition of 
soda liberates a fresh portion of the base, and the 
Aiass thickens and swells up more and more.^ 

This relation between the phenomena resulting 
from different proportions of silica has no exception, 
and always occurs with silicates having the same 
base ; but different bases behave differently in this 
respect. As the sili<»tes, for the most part, are 
double salts, whose bases are often combined in 

* In other words, suppose an atom of any base, capable of 
^forming a glass with silica, but infusible by itself, be united 
in a mineral with an atom of silica; on heating the compound 
with soda, the result will be a fusible, triple compound, for 
** the glass of soda has the property of dissolving the quantity 
of base which the soda takes from the silica,'' and the globule 
will be transparent. If two or more atoms of silica be united 
with one atom of the same base, it will still give a transparent 
glass; but if there be two atoms of base to one of silica, or the 
base be in excess in any other proportion, it will afford a result 
with soda, more or less opaque and infusible, according to the 
more or less perfect abstraction of the silica from the base by 
the superior affinity of the soda, and to the quantity of base ; 
provided always, that the base be incapable of forming a fusible 
transparent compound with the soda. The explanation in the 
text is founded on views peculiar to the author, by which he 
has endeavoured to establish as a chemical canon, that, << In 
combinations of two oxidated bodies, the relation between 
them is always such, that the oxygen of one of them is a 
multiple by one, (equal to) two, three^ &c.; that is to say, by 
n whole number of the oxygen of the other." — (Essai sur la 
Theoriedes Prop&itions Chimiques, PariSf 1819, p. 34.) C. 
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unequal proportions^ it happens that two bases, 
which, in a certain proportion, readily form a 
glass with soda, in another produce it with great 
difficulty.^ 

11. The seleniates, arseniates, molybdates, 
tungstates and chromates^ and those compounds, 
in which the oxides of titanium and columbium 
play the part of acids, are known by the characters 
already described. Thus the seleniates and arse- 
niates are recognised by the odour they emit in the 
reducing flame, the same as the metallic seleniurets 
and the alloys of arsenic; the others are sufficiently 
marked by the effects produced by their acids, 
which have been individually described. 

' Here follow some illustrations, couched in the theoretical 
language, and perplexed with the mineralogical signs, peculiar 
to our author, which I have thought it better to omit, as I 
shall do all the similar signs that occur in the following de» 
scription of the action of the blowpipe on minerals ; substitut- 
ing for thcm^ when I may find it necessary, the composition 
of the mineral in words at full length. (See preface.) C. 
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DESCRIPTION 

PHENOMENA PRESENTED BY MINERALS 

WHEN EXPOSED TO THE 

ACTION OF THE BLOWPIPE. 



ORDER I. — METALLOIDS,' 



Of the minerals belonging to this order, there is 
only one that we have occasion to examine with 
the blowpipe, 

> Although I have not scrupled to abridge some things 
pretty freely (especially in the description of apparatus) in 
the preceding pages, I should nqjt think myself justified in 
disturbing the author's arrangement in the classification of 
minerals, in the remaining part of this work. I give it, 
therefore, exactly as it stands, omitting only the signs, and 
adding in the notes an explanation of the meaning he attaches 
to each term, by which his mineralogical orders are distin* 
guished. Thus, metaUoides are ** simple combustible bodies, 
not possessing the principal characters of metals ; as sulphur, 
boron, and carbon." Nouveau Syst^me, p. 183; to which 
work I refer the reader for a general developement of our 
anther's views on the subject. C. 
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Boracic acid from Safiso, in Tuscany. (Placed 
on moistened brazil wood paper, it bleaches it in 
the course of half an hour, and turns Turmeric 
paper, wet with alcohol, brown). 

AlonCf oncharcoaif fuses into a transparent glass. 
If it contain gypsum, the glass becomes opaque on 
cooling. 



ORDER II, — ELECTRO-NEGATIVE METALS.* 

1. Arsenic. 

1. Native arsenic, from Saxony. 

When heated, gives out the smell of garlick. In 
the matrass, metallic arsenic sublimes and leaves a 
small bead of silver. 

Observation. — ^Many species called native arse- 
nic in various collections, are either bi-arseniurets, 
or mixtures of bi-arseniurets and the metal; for in- 
stance, the scapiform arsenic {stanglicher arsenik) 
from Selmeeberg, and testaceous cobalt {Scherbm 
kobolt), from Saxony, are bi-arseniurets of cobalt. 

S. Sulphuret of arsenic^ red and yellow* 



s 



' <* Metals whose oxides rather act as acids than bases, 
in the compounds they form with other oxidated substances." 
Syst^me, p. 1S5. C. 

* Realgar and orpiment. — The first composed of 2 atoms 
of sulphur, M, and 1 atom of arsenic, 98 = 70; the second of 
3 atoms of sulphur, 48, and 1 atom of arsenic, 88 = 86. The 

3 
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Alone, on charcoal, burns with a pale yeHow 
flame. 

In the open tube, bums and deposits white 
arsenic on the upper part of the tube ; it evapo- 
rates without leaving any residuum. 

In the. matrass, fixses, boUs up, and gives a dark 
yeUow transparent sublimate ; sometimes the sub- 
limate has a fine red colour. 

3. White arsenic} 

Alone, in the reducing flame it gives off the 
smell of garlick ; in the oxidating flame it evapo- 
rates without any residuum. 

In the matrass it sublimes without previous 
fusion; the sublimate is crystalline. 

2. Chromium., 

1. Earthy chrome. (Chromockra). A mechanical 
mixture of green oxide of chromium, with quartz and 

proportionate weights of the ingredients of those minerals that 
are unequivocally chemical compounds, as sulphurets, salts, 
&c. are given from the table at the ehd of the fourth volume of 
Thomson's Chemistry, sixth edition, assuming hydrogen aiB 
unity, the number of atoms of each substance corresponding 
to that denoted by the author's signs. The reader will have 
no difficulty in reducing these weights to parts per cent, by 
the common rule of proportion. The analyses of the other 
minerals, whose composition is not so obviously chemical, 
are quoted chiefly from Phillips's Introduction to Miner- 
alogy, and Jameson's System of Mineralogy. C. 

' Arsenious acid, 1 atom 9f arji^nic 38, aiu}, S atomis of 
oxygen, 24f = 62. C. 
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transition minerals; &om the department of the 
Saone et Loire. 

Alone^ it loses its colour and becomes almo&rf; 
white ; it does not fiise, but its surface has.a scori- 
aceous appearance, which the microscope, shews us 
is . f<»rmed of vitrified particles and partides not 
fused. 

Borax gives a fine green glass, with oxide of 
chrome; the nucleus becomes white and fuses with 
gre^it difficulty. 

Salt of phosphorus^ and the oxide, in equal pro- 
portions, give a similar glass, but the colour is less 
intense. The solution is very difficult. 

Soda in large quantity ultimately dissolves the 
earthy chrome. The glass is opaque even whilst 
liquid, and on cooling resembles a durty yellowidi 
grey enamel. 

Obsermition. — The earthly chrome of Elfdalen/ 
which appears to lye in spathose albite, behaves in 
a similar manner, except the difference arising 
from the nature of its matrix. The same may be 
said of the chromiferous clay of Mortanberg, only 
that its whole mass fuses in a strong heat into a 
black scoria. 



3. Molybdena. 
1. Sulphuret of Molybdena.^ 

> A porphyry quarry in Dalecarlia. B. 
^ Composed of 1 atom of molybdena, 48| and 2 atoms of 
sidphur, 32 = 80^ C. 
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AhmCf oa duorooal^ it emits the smell of sul^ 
phurous acid, fumes, and leaves a pulyerulent de- 
posit on the surface of the support, particularly at 
the beginning ; it bums with great difficulty, its 
eentral parts resisting a long continued blast. 

fFith saltpetre, it detcmates and fulminates in the 
spoon, dissolves in the fused salt, and leaves a re- 
siduum composed of yellow flakes, which may be 
obtained separately, by washing away the salt; 
they behave before the blowpipe like molybdate of 
iron. 

In the cpen tube gives no sublimate, but the 
glass dose to the assay becomes obscure. 

2. Molybdic acid, in the form of a very light 
yellow coating on sulphuret of molybdena. Its 
diaracters resemble those of pure molybdic acid \ 
but, treated with soda, it sinks into the charcoal, 
leaving a residuum of protoxide of iron on the 
surface. 

4. Antimony. 

1. Native antimony from Sala. 

Behaves like pure antimony, and is dissipated 
in fomes without leaving any residuum. 

2. Sulphuret of antimony black and red.^ 



> Black sulphuret, composed of 1 atom of antimony, 45, 
and 3 atoms of sulphur, 48 = 9S; the red calculated by Berze- 
lius> to ccmsist of 1 atom of oxide of antKuony 69, and 2 
atoms of sulphuret, 186 = 255. He considers that antioKiny 
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. Alone^ fuses readily on cfaarcsoal, whieh absorbs 
it and at the same time becomes covered with % 
black vitreous mass. After blowhig a few seconds, 
metallic globules, apparently a subsulphuret, fona 
in the charcoal, which do not bum like the pure 
metal, but blacken and tarnish at the sur&ce be* 
fore they are cold. 

In the glass tube, it first gives by roasting a laxge 
quantity of antimonious acid; then a mixture of anti- 
monious add and oxide of antimony (the latter abun- 
dant) sublimes. This phenomenon is very remark- 
able, for the pure metal gives only oxide, and the 
sublimate is wholly volatile. The air which issues 
from the tube smells of sulphurous acid. 

3. Alloy of arsenic and antimonif,^ testaceous 
antimony from Foullaouen. 

Alone, in the matrass, it first gives off much 
metallic arsenic, then fuses and ceases to subUme. 
If we remove the globiile of metal, and heat it to 
redness on charcoal, it bums with the same pheno- 
mena as antimony, but the fumes have a strong 
Ddour of arsenic. Lastly, these fiunes crystallize 
round the metal, but the oystals are whiter and 
in larger plates, than those of pure antimony ; by 

icombmes in three proportions wi^ oxygen-— the first, oxide 
c( antimony, gives 1 of antimony H-S of oxygen,— the 
second, antimonious aeid, 1+4, the third, antimoni^ acid, 
1+5. See tables, Nouveau Systeme, p. 194, or his ^^Essai 
sur la Theorie des Proportions Ckimiques^* C. 

' One atom of antimony, 45^ and 2 atoms pf arsenic, 
76ssl2U C 
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a prolonged blast the whole of the assay is dissi- 
pated in fumes. 

4. Crystallized oxide of antimony behaves in 
every respect like pure oxide of antimony. 

Antimonious acid derived from the sulphuret of 
antimony. 

Alone^ in the matrass, it gives oflP water ; it is, 
therefore, an aqueous acid. It is not reducible on 
diarcoal, but a slight sublimate of antimony rises. 

With soda, it is reduced to metallic antimony* 
By collecting the globules and subliming them on 
charcoal we find if the antimonious ^cid be pure 
or not. 

5. Titanium. 

1. Anatase from Oisans. 

It behaves Kke perfectly pure oxide of titanium. 
We may remark, that in general the native oxides 
of titanium dissolve with difficulty in salt of phos- 
phorus, and that the portion not fused becomes 
white, semi*transparent, and has the appearance of 
a salt mixed with the mineral. 

2. Rutilite and dcicular titanite behave like 
oxide of titanium, but the hyacinth colour they 
^ve in the oxidating flame, is never so pure as that 
of anatase. Treated with soda on platina foil, 
Ihey colour the edges of the flux green, — a proof of 
the presence of manganese. 

Remark. — The rutilite of Karingbricka some- 
times give a chrome-green glass with the fluxes, in 
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the oxidating flame ; fused with soda on the platina 
foil, it takes a yellowish colour in the same flame* 
Sometimes, however, we can ohtain no evidence of 
its containing chrome ; it seems, therefore, to be an 
accidental and variable ingredient 

6. Silicium. 

Silica in all its forms ; as rock crystal, quartz, 
agate, flint, calcedony, camelian, &c. 

I shall not here describe the effects peculiar to 
each of these numerous varieties, in which some- 
times small qualities of metal produce differences in 
colour. Their general habits are those of silica, 
which have been described already. Some varie- 
ties, as opal and resinite, also give off water when 
heated alone in the matrass. But this appears to 
be merely hygrometric water, similar to that in the 
dried portions of silica obtained in the analysis of 
certain minerals, and which varies with the state 
of the atmosphere. 



OEDER III. — ELECTRO-POSITIVE METALS.* 

DIVISION I. — METALS PROPERLY SO CALLED. 

1. Iridium. 
Alloy of osmium and Iridium. In the form of 

» Electro-pontvoe metals. Metals whose oxides act rather 
as bases then as acids. Systdme, p. J 83. C. 
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spangles, collected from the grains of native 
^btina. (Furnished by Dr, Widlaston.) Thi$ 
alloy sufiers no change, whether it be treated abi^e 
or with the fluxes : having exposed it to a «trong 
heat in the open tube, I thought I perceived the 
smell of oxide of osmium ; but it was too faint to 
be set down as a characteristic effect. 

2. Platina. 

Grains of platina. — They suffer no change 
alone, or with fluxes. The phenomena derived 
from foreign substances mixed with the grains, are 
not to our present purpose, 

3. Gold. 

1. Graphic gold, (Schrift-erz), from Nagyag/ 
Alone^ on charcoal^ fuses into a dark grey 
metallic globule ; covers the charcoal with white 
fumes, that disappear before the reducing flame, 
giving out a green or bluish light. By a pro- 
longed blast we obtain a dear yellow metallic par- 
ticle, which at the instant it solidifies becomes for 
a moment red, or even white hot. When cold 
it is very brilliant and malleable. 

In the open tube it deposits frimes which are 
white every where except close to the assay, where 

I <'It consists of tellurium 60, g^ SO, silver 10. Klap- 
rothr— {Phillips). C. 
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tfaey»egrey« They oonsirt of subHmed tdhrauiiL 
These fomes aie oonTeited into liquid gkbuks 
when the flame is directed on thenu They hare 
a pungent Ddour, bat not «t all similar to that of 
putrid honsMradidi. 

S. Teiiuriferous 4md plumHfsrms gold. (BI£t- 
ter-art), ficom the same place*' 

Aione^ on charcoal, it Amies like the precede 
ing, and forms a pulverulent d^osit on the sup^ 
port, but the powder is yellow, and is dissipated 
by the interior flame, giving out a blue colour in« 
stead of green. Lastly^ in a strong blast, it affords 
a partiele of gold, which ignites at the moment it 
solidifies, and is malleable. 

In tht tube it fumes, diffuses a very perceptible 
odour of sulphurous add, but not the slightest 
smeU of horse-radish, and gives a sublimate which 
is grey about the upper part of the assay, and white 
every where else. The portion of sublimate next 
the assay does not fuse like oxide of tellurium^ 
but only alters its appearance, and forms a greyish 
semi-^sed covering on the glass, in which we <san- 
not perceive any liquid globules. If the presenoe 
of tellurium were unsuspected, we might very 
easily mistake this portion of the sublimate &r 
antimonious acid; nevertheless, the substance in 
question is not so white as that add^ winch be^ 

' TeUwre natif auro^plomMfere. Hauy. Black tdlurium^ 
Phillips. Tellurium 32*2, lead 54>, gold 9, silver 0-5» copper 
1*3, sulphur 3. Klaprpth. (Phillips). C. 
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sides has this difference^, that it does not become 
srey and half ftised by the effect of heat. The 

rate of lead. Farther from the assay, the sublimate 
has the Visibility and all the characters of oxide of 
tellurium.' The metallic globule attached to the 
side of the tube, is surrounded by a dark brown 
oxide, that might be taken for oxide of bismuth, 
but that its colour scarcely undergoes any change 
on cooling. 

4. Mercury. 

1. Cinnabar^ 

{a). Crystallized cinnabar^ from Almaden, in 
Spain. 

Alone^ on charcoal^ it sublimes without leaving 
any residuum, and exhales the odour of sulphurous 
acid. 

. In the matrass it sublimes ; the sublimate is 
blackish, its streak is red. 

In the open tube it gives, by roasting, metallic 
mercury and a sublimate of cinnabar. The mer- 
cury condenses farther from the heat than the 
cinnabar. 

In the matrass with soda we obtain globides of 
mercury. 

(b). Mealy cinnabar,'^ from Zweibriicken. 

 One atom of mercury, 200+2 atoms of sulphur, S2 ss 2S2. 
C. 
* Native vermilion ? C. 

4 



OP MINERALS* 145 

Alone, in the matrass At gives off a little einna- 
liar, and leaves a considerable residuum, in tvhich 
the fluxes detect the presence of a large quantity 
of iron, as well as some lead, and traces of copper. 

(c). Hepatic mercury (Leber-erz). 

AlonCi in the matrass, it gives cinnabar, and a 
black residuum. If the latter be burnt in the 
open tube, it gradually disappears without forming 
any sublimate and without smell, leaving a little 
earthy ash.. The portion not volatile is therefore 
analogous to charcoal. 

2. Chloride of mercury.^ Hom-erz, itom Al- 
maden. 

On charcoal, sublimes, leaving only the matrix 
that may happen to be mixed with it. 

In the matrass^ gives a white sublimate. 

With soda, in the matrass, gives a lai^e quantity 
of globules of mercury. 

With cupreous salt of phosphorus, on charcoal, 
it tinges the flame a fine azure colour. 

5. Palladium. 
Native Palladium, from Brazil.^ 

' Muriate d^oxidule de mercure. I need make no apology 
for changing this name. It consists of 1 atom of mercury, 
200+1 atom of chlorine, 36 == 236. C. 

^ These trials were made on palladium that had not been 
hammered, and was obtained by reducing the oxide. I know 
no one but Dr. WoUaston who has had an opportunity of 
seeing and examining native palladium. ^B. 
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Carefully heated to incipient redness by the 
spirit lamp on platina foil, its surface assumes a 
blue tint, which disappears on full ignition. 

Alone, on charcoal, it is infusible, and unalter>* 
able. It fuses with sulphur in the reducing flaMe. 
In the ojcidating flame the sulphur bums off, and 
leaves the palladium pure. 

6. Silver. 

* 

Glanzerz. Sulphuret ofsilvery from Schemnitz.^ 
Al^nty on ckarcoaly fuses and swells up consider- 
ably, forming empty bubbles, but after the blast 
has been continued for sonte time, it collects into a 
^obule. It exhales the odour of suljdsurous add^ 
and at last gives a particle of silver surrounded 
by scorias, whidi, when fused with borax and salt 
of phosphorus, give traces of iron and copper. 
2. Red silver, (Rothgiilden) crystallized.^ 
Alone, on charcoal, decrepitates a little, fuses^ 
bums and fumes like antimony, but does not give 
off any smell of arsenic: the production of the 
fumes <mly lasts a few seconds. 

In the open tube fumes much and exhales the 
odour of sulphurous acid, which is particularly 
sensible at the beginning of the experiment The 

* Composed of 1 atom of silTer, 110^2 atoms of sulphur^ 
S2 = Wi. C. 

* Composed^ according to our autlior's calculation, from 
Bonsdorff's analysis, of 2 atoms of sulphuret of antimony^ 
186-h3 atoms of sulphuret of silver, 426 = 612. C. 
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vapour condenses in great mearare in the tube, 
and sometimes forms crystals ; it is oxide of .anti<p 
mony, and may l)e wholly driven o£F by heat. The 
globule that remains^ after being exposed for some 
time to the exterior flame, gives a button o£ pure 
silver. 

8. Brittle sulpkuret of silver (Sprod Grlanzerz) 
from Saxony. 

AlonCy in the open tube, fuses, :Amies but little^ 
and deposits ^mall white brilliant crystals ' of arse^ 
nious acid on the tsides of the glass, without Ksif 
tmce of antimonial vapours. 

On charcoal, forms no deposit ; takes a long tiniie 
in roassting; diffuses, with a good heat, a slight odour 
of arsenic, and parts with its sulphur witiii mudi 
greater difficulty than the glanzerz : it gives a ^xiU 
grey metallic globule, whiohis capableof condden^Ie 
distension under the hammer, but apt to split on 
the edges. If it be treated in this state widi the 
glass of silica and soda, the glass assumes the colour 
of sulphuret of soda, and the ^ver remains pure. 

With soda^ thie roasting and purifying of the 
sUver is accelerated. 

The silver may, however, be obtained piircj 
without the assistance of soda, by a good oxidating 
flame ; whence it is obvious that the foreign sulv* 
stance contained in the assay is volatile. With 
the fluxes only the characteristic effects of silver 
are produced. 

Remark. — There is so striking a difference in 
the force with which silver retains the sulphiu: in 

L 3 
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the sprod glanzerz, and the glanzerz, that we see, 
d prior i^ it is owing to the presence of a third 
substance. According to. Klaproth, there are ten 
per cent, of antimony in the sprod glanzerz from 
Saxony. I have not found the sUghtest trace of 
it; we learn, on the contrary, from experiment, 
that the presence of antimony facilitates, in the 
highest degree, the separation of the sulphur, and 
we obtain, in that case, antimonial silver. But, on 
fusing together silver and sulphuret of arsenic, I 
obtained a compound having all ihe properties of 
the sprod glanzerz. Hence, I do not hesitate, to 
eonsider this ore as a compound of sulphuret of 
silver, with an alloy of silver and arsenic ; and, to 
the latter substance, I ascribe the difficulty of 
burning off the sulphur. 

4. Antimonial silver (Spiesglanzsilber) and ar- 
gentiferous antimony (Silber-spiesglanz).^ 

Alone f on charcoal^ fuses easily into a grey, brittle 
metallic globule ; gives off fumes like those of pure 
antimony, but less abundant; after a certain portion 
of the antimony is driven off, the surface of the 
globule becomes dull, white, strongly crystalline, and 
it ignites at ihe instant it solidifies. After losing 
a further portion of antimony, its surface becomes 
smooth, like glass similarly circumstanced, and the 
heat it then disengages is stronger than at any 
other moment. Lastly, after a prolonged blast, 

> The firsts compesed of S atoms of silver, 220, 4- 1 atom 
of antimony, 45 =s 265 ; the second^ of 3 atoms of silTer, 
S30+1 of antimony, 45 = 375* C. 
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nothing remains but silver. During the operation 
a great quantity of antimonial vapour is deposited 
on the charcoal, and is sometimes reddish in the 
Section of the flame, probably from some sul- 
phurous ingredient, which occasions the formation 
of crocus of antimony. 

In the tube much oxide of antimony sublimes, 
and the residual particle becomes surrounded by a 
dark yellow glass ring. 

5. Electrum, composed of gold and silver, pro- 
bably in variable proportions. 

Fuses into a more or less pale yellow globule, 
which, with borax and salt of phosphorus, presents 
the same phenomena as pure silver. (See Silver.) 

6. Native amalgam^ from Zweibriicken.* 

In the matrass^ boils up, sputters, and gives off 
mercury ; the residuum consists of a slightly tumi- 
fied mass, which fuses on charcoal into a globule of 
silver. 

7. Chloride of silver} 

Aloney on char coaly fuses into a bead, whose 
colour, according to the purity of the assay, is 
pearl-grey, brownish, or black and scoriaceous. In 
the redudng flame it is gradually converted into a 
globule of metallic silver. 

Chloride of silver is fusible with salt of phos- 

I Composed of 1 atom of silver, 110+2 atoms of Mercury 
4^ = 510. C. 

* I have taken the same liberty here as with the author's 
muriate of mercury % This substance is composed oi 1 atom 
«f silver 110+1 atom of chlorine, 36 = 146. C. 
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pkorus, and, if that reagent have been previoraly 
mixed with oxide of copper, a sky Une amreola 
may be perceived playing round the metallic glo- 
bnle : that produced by chloride of mercury, under 
the same circumstances, has a brighter colour. 

7. Bismuth. 

1. Native bismuth, from Schneeberg. 

Alone, fuses, giving off a slight odour of arsenic ; 
in other respects it presents the same phenomena 
as pure bismuth. 

In the open tube gives off a little white arsenic. 
When cupelled, it tinges the bone ashes pure orange 
yellow. 

2. Sulphuret of bismuth. 

a- Sulphuret of bismuth, called native bismuth, 
from Bispberg. 

Alone, in the tube, gives off sulphurous acid and 
a white sublimate ; heated to redness, it boils up, 
and immediately subsides again ; deposits oxide of 
bismuth on the sides of the tube and round the 
assay, like pure bismuth. 

On charcoal, fuses, boils up, and for a short time 
projects little red hot drops. After the separation 
of the bismuth there remains a small quantity of 
scoriae, which, fused with salt of phosphorus, give 
the tinge of iron. 

b. Sulphuret of bismuth, from Riddarhytta.* 

« Composed of 1 atom of bismuth 71+2 of sulphur, 
32 = 103. C. 
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In the tube, at first a little sulphiii^ sublimaa^ 
fhen a small quantity of another sublimate rises^ 
similar to the vapour of tellurium, inasmueh as it 
fuses when heated ; but the drops become brown, 
and, on cooling, yellowish and opaque; whereas 
those of tellurium become colourless and trance- 
rent, at least when they are in a thin layer. After 
a portion of the sulphur is burnt away, the assay 
boils up, and sputters about like the preceding 
sulphuret ; it leaves a regulus of bismuth, which, 
on cupellation, tinges the bone ashes pure orange 
yeHow. 

Remark. — It appears from these experiments, 
that the native bismuth, found near 50 years since 
at Gregers-klack, near Bispberg, is properly a sul- 
phuret of bismuth, in which the proportion of sul- 
phur is less thaii in the sulphuret from Riddarhytta, 
which appears capable of being brought by roaisting 
to the same degree of saturation as the preceding. 
The JVasserbleysilber^ discovered by Von Bom, 
and which, according to Klaproth's analysis, should 
be a sulphuret of bismuth containing only five per 
cent, of sulphur, is in fact quite another combina- 
tion, as we shall sec presently. 

3. Alloys of tellurium and bismuth. 

a. Alloy of tellurium^ selenium^ and bismuth, 
from Norway. Native Tellurium of Esmatrk. (I 
am indebted to M. L'Abbe Haiiy for the specimen 
which was the subject of the following experiments.) 

Alone, on charcoal, fuses into a metallic globufe, 
which imnarts a blue colour to the flame and ex- 
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hales a strong odour of selenium, A white, pul- 
verulent deposit, iridescent kt the edges, forms on 
the charcoal, which disappears before the reducing 
flame, colouring it green. By a prolonged blast, 
the remaining metallic globule may be wholly 
dissipated. If a little salt of phosphorus be fused 
on the spot where the globule lay, it will indicate 
traces of copper. 

In the open tube fuses and gives off a copious 
white vapour, which, after some time roasting, 
deposits a reddish substance in that part of the 
sublimate nearest the assay. • This red substance 
is selenium, whoseodouj: is strongly perceptible in 
the current of gas which issues from the tube. 
Heat melts the white sublimate into clear transpa^ 
rent drops ; therefore it is oxide of tellurium. A 
metallic globule remains on the glass, which gives 
off no more vapour, and becomes covered with a 
fused mass of a brown colour, which, pn cooling, 
is opaque and livi4 y^llpw; consequently, it is 
bismuth. 

b. Alloy of bkmuth and tellurium^ Wasserbley» 
silber, of Von Bom. (The assay which gave the 
following results, was part of a specimen from the 
collection of the University of Berlin, presented to 
ipe by Professor Weiss.) 

Alofie^ in the open tube, the assay, in the form 
of a spangle, became brown before it fused, readily 
melted into a globule, and then, for a few seconds, 
exhaled the odour of selenium ; when ignited, it 
gg^vq off an abupdant white vapour, which adhered to 
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the glass, and was fusible into white transparent 
drops; it therefore was tellurium. What re- 
mained was a globule of bismuth, which gave no 
more vapour, and, by a prolonged «blast, became 
surrounded by a fused brown oxide of bismuth, in 
the same manner as the pure metal. 

4. Oj;ide of bismuth. 

(See Bismuth, p. 150.) It sometimes ^ves traces 
of iron and copper. 

8. Tin. 

Oxide of tin. 

(See the oxides of tin, p. 112.) The dark coloured 
species, when treated with soda, on platina foil, 
give more or less decisive traces of manganese. 

Remark. — When columbium occurs with oxide 
of tin, as at Finbo, near Fahlun, its presence is 
ascertained by two indications ; 1st, the oxide of 
tin reduces with more difficulty and less perfectly, 
leaving a pretty considerable portion not reduced ; 
Sd, when dissolved in certain proportion with borax, 
the flux acquires the property of becoming opaque 
by flaming, or even by merely cooling. * 

9- Lead. 

1. Sulphuret of lead.^ 

Alone on charcoal globules of lead form on the 
surface after the sulphur is driven off, till which 

r One atom of lead, 104+2 atoms of sulphur, 32 = 136. C 

1 
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time the aisay does not fuse ; we ultimately obtain 
a bead of lead. By cupellation, we accertain if it 
eontain silver. After cupellation, the colour of the 
lione ashes teach us whether the lead was pure or 
not; in the first ease, it is pure pale yellow; if 
it contain copper it is greenish, iron, black or 
brownish, &c. The roasting, as well a^ the cupel- 
ling, may be performed on bone ashes. 

In the tube galena disengages sulphur, and gives 
a white sublimate of sulphate of lead, which, in a 
strong heat, becomes grey, even in the upper part 
nearest the assay. By a good flame we may fuse 
the sublhnate, but it immediately fixes again, and 
gives offno volatile substance. 

Remarks — The galenas of Fahlun, and the cop- 
per ores of Atvidaberg develope the odour of sele- 
nium, when roasted on chaxcoal; and if the roasting 
be performed in a tube, a smaU, but very visible 
red sublimate of selenium may be obtained. To 
c^ct this, the roasting must be performed very 
gently, and carried very far, for the selenium does 
not begin to separate till towards the end of the 
operation. . A red ring then forms at an inch from 
the assay, and the smell of selenium begins to be 
evident in the upper part of the tube. The sele- 
nium may be concentrated by exposing the part of 
the tube, between the assay and the ring formed 
by the sublimate, to the flame of a taper, so as to 
drive the portion of selenium, which has been 
deposited in the intermediate space, towards the 
ring. If the quantity of selenium be slight, the 
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ted ring is scarcely discernible when we look 
across the tube ; but it is easily transferred to a 
dark ground. If the galena contain arsenic, the 
selenium may easily be confounded with sulphuret 
of arsenic. 

S. SpiesglansbkytrZy Boumonite, Endellione, 
from Bleyberg.^ 

On charcoal, fuses and gives o£P fumes for some 
time, then congeals into a black globule. In a 
f^xfmg heat vapour of lead is disengaged and forms 
a circular deposit on the charcoal: a scoriaceous masa 
remains behind, in which the fluxes detect the 
presence of a .considerable quantity of copper, a 
globule of which metal may be obtained by soda 
after roasting the lead. 

In the tube the odour of sulphurous acid is 
developed and a dense white vapour^ which iH 
deposited in great measure on the lower side of 
the tube ; this portion of the sublimate is neither 
volatile nor fusible, but the upper deposit is vola- 
tile. The first is antimonite of lead, the second 
oxide of antimony. 

3. Licht JVeissgultigerZy from Freyberg.^ 

 According to the analysis of Mr. Hatchett, this mineral 
consists of lead 42*62, aniimoDy 24*23, copper 12*8, iron 1*2, 
sulphur 17. The specimen was from Cornwall. Phillips, — 
Berzelius estimates its composition as that of 1 atom of sul- 
phuret of lead, 136 + 1 atom of sulphuret of copper (64-fl6) 
80+1 atom of sulphuret of antimony, 93 = 309. C. 

* White silver orCy containing, according to Kiaproth's 
analysis, silver 20*40, lead 48*06, antimony 7*88, iron 2*25, 
sulphur 12*25, alumina 7*0, silica, 0*25. PhiUips.'-^ltB theo* 
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Decrepitates strongly, fuses easUy and gives oflF 
fiunes of lead. 

In the open tube it behaves like the preceding. 
The roasted mineral gives with the fluxes the tint 
of nickel, and sometimes also that of cobalt. With 
borax we obtain a metallic globule, which, by cu- 
pellation with lead, loses considerably in bulk, and 
leaves a residuum of pure silver. 

4. Dunkel JVeissgUltigerz, from Sala.^ 

In the open tube behaves like the forgoing; 
after roasting it leaves a mass of scoriae which with 
borax gives the tint of iron, and a globule of lead 
containing a very little silver, that may be detected 
by cupellation. 

5. Bldttererz. (See Gold^-p. 142.) 

6. Oa'ide of lead, red and yellow. (See 0.vide 
of Lead, p. 153.) 

7. Sulphate of lead, from Anglesea.^ 
Decrepitates ; on charcoal in the exterior flame, 

fuses into a transparent globide, which becomes 
milky as it solidifies. In the reducing flame it 
effervesces and gives a particle of lead. 

retical composition, according to Berzelius, is, 1 atom of sul- 
phuret of lead, 136 ; 1 atom of sulphurct of silver, 142 ; 1 atom 
of sulphuret of antimony 93 ; and 1 atom of arseniuret of 
nickel (26 + 38) 64. ' C. 

I Composed of i atom of sulphurct of lead, and 1 of sulphuret 
of antimony. C. 

^ One atom of oiLide of lead (1044-8) 112-f 1 atom of sul* 
phuric acid (16 + 24) 40 = 152. The weight of an atom of 
oxygen is 8. Berzelius considers the protoxide of lead to 
contain two atoms of oxygen. C. 
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JVith borax, and salt of phosphorus, it behaves 
Hke pure oxide of lead. 

With glass of soda and silica it assumes the colour 
of liver of sulphur at the moment the glass cools. 

8. Carbonate of lead, fnmi Alston Moor.^ 

Behaves like pure oxide of lead, except that it 
decrepitates strongly and its white colour changes 
to yellow by hea:t, 

a. Chloro-carbonate of lead — Horn-iead, from 
Matlock, Derbyshire.^ 

Alone, in the exterior flame, fuses into a transpa- 
rent globule, which becomes pale yellow on cooling* 

With oxide of copper dissolved in salt of phos^ 
* phorus it presents the usual effect of muriatic acid 
(a blue flame surrounding the assay globule). 

b. Sulphate and carbonate oflead,&om Leadiiill& 
The specimen used in the following assay be- 

longed to the collection of the King of France, 
and was given me by Count Boumon. It is de- 
scribed in the catalogue of the private mineral(^- 
cal collection of the King of France, (Paris, 1817. 
pp. 343, 344), by the name of rhomboidal carbonate 
of lead. 

Alone, on charcoal, at first it swells up a little 
and becomes yellow, but resumes its whit^ colour 

> Composed of 1 atom of oxide of lead. 112+1 Atom of 
carbonic acid, (6 + 16)22 = 134*. An atom of carbon weigh86. 
Berzelius consideiB it as containing 2 atoms of carbonic 
acid* C. 

^ Composed of 1 atom of chloride of lead, 140+1 atom of 
carbonate of lead, 134 >= 274. C. 
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en codUng ; it fiises into a globule, which also is 
t^hite when cold. It reduces equally well into a 
globule of metallic lead, eithar with or without soda* 

fFith glass of silica and soda^it gives the colour of 
liver of sulphur, precisely like the sulphate of lead.* 

9* Phosphate of lead, from Freyberg.^ 

Alone^ on charcoal^ fuses in the exterior flame ; 
the globule crystallizes, and after cooling has a 
dark colour. In the interior flame it exhales the 
vapour of lead, the flame assumes a bluish colour, 
and the globule on cooling forms crystals with 
broad facets, inclining to pearly whiteness. At tiie 
moment it crystallizes, a gleam of ignition may be 
perceived in the globule. 

With borax, salt isf phosphorus, and soda^ it 
behaves Uke oxide of lead. 

With boracic acid and iron it gives phosphuret 
of iron and metaUic lead, which may be obtained 
separately when the phosphxu^et congeals, the lead 
still remaining in frision. This lead gives no silver 
by cupellation. 

10. Aseniate of lead, from Johann Georgenstadt^ 
and from ComwaU.^ 

Atone, on charcoal, fuses with some difficulty, 

' This miDeral dissolves with effervescence in nitric acid, 
and leaves a residuum of sulphate of lead in the form of a 
white powder. B. 

^Cotnposed of 1 atom of oxide of lead, 112+1 atom of 
phosphoric acid> 28 = 140. C. 

3 Composed of 1 atom of oxide of lead, 112 + 1 atom of 
arsenic acid, 62 = 174<.C. 
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nnd! is then instantly redu&ed into numerouB ^b- 
holes of lead, with copious disengagement of tile 
fume and smell of arsenic. With the fluxes it 
behaves like oxide of lead, with this difference, that 
the glass of the arseniate gives off arsenical fnine& 

If we take a crystal of arseniate of lead in the 
forceps, and fuse its anterior extremity in the outer 
flame, the fused part crystallizes on cooling, in the 
sanie manner as phosphate of lead. The fused portion 
must not touch the platina, as it would spread over 
and act on the metal. It flows equally on glass* 

Remark. — Arseniate of lead, containing phos«- 
phate of lead, does not completely reduce; €tm 
phosphate always remains in the state of a salt, ;aii;d 
in the fenn of a glebule which crystallizes on •cool- 
ing. Phosphate of lead containing tzaces of arse- 
niate^ gives metallic lead and exhales the odour «f 
arsfflic when fused in the interior flame. 

IL Molybdate of leady from Bleyberg.^ 

AlonCf decrepitates strongly, and acquires a 
brown yellow colour, which flies on coohng. On 
charcoal it fiises and is absorbed, leaving at the 
surface a portion of reduced lead. By wasUng 
the absorbed part, we obtain a mixture of malle** 
able grains of lead and metallic molybdena, the 
latter has a metallic lustre, but is neither malle- 
able nor fusible. 

' Composed of 1 atom of oxide of lead^ 112+1 atom «f 
molybdic acid, 72 =s 184. According to Berzelius^ it con- 
tains 2 atoms of acid. C. 
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With borax 9 in the exterior flame, fiises readfly 
into an almost colourless glass. In the interior flame 
We obtain a transparent glass, which on cooling 
becomes all at once dark and opaque ; if we flatten 
it between the forceps, we perceive that its colour 
is brownish. 

With salt of phosphorus dissolves readily ; a 
small proportion of molybdate of lead gives a green 
glasSy as molybdic acid does, a larger quantity 
gives a black opaque glass. 

Soda dissolves molybdate of lead, a portion of 
tibie mass is absorbed by the charcoal, and reduced 
kad remains on the surface. 

12. Chromate of lead, from Siberia.* 

Alone, decrepitates, splits in the direction of 
the axis of the crystal and assumes a deeper co« 
Iour» which becomes dear on cooling. On char- 
coal it fuses and flows abroad, at the same time 
the lower part is reduced and developes the flame, 
and fumes peculiar to lead. The upper part is a 
mass of a dark colour, which gives a brown red 
powder and does not become green by heat. 

With borax dissolves readily. A small quan-- 
tity of the chromate colours the glass green; a 
larger quantity in the exterior flame gives a 
glass of a green colour, but so loaded with black- 
ish particles that it appears opaque. In the 

' Composed of 1 atom of oxide of lead, 112+1 atom of 
chromic acid, 52 = 164. C. 
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reducing flame its eolour is dark, and oil cooling it 
assumes the aspect of a gi^enish grey enamel. 

With salt of phosphorus, fuses easily into a fine 
green glass. A larger quantity of the chromate 
gives a glass ndhich is opaque, and ^ey or greyish 
green on cooling. 

PTith soda, on charcoal, the mass is ahsorhed, 
aiid grains of metallic lead are produced. On pla^ 
tina, in the oxidating flame, it forms a liquid saline 
mass of a brown yeUow colour, which becomes 
yeUow when cold. In the reducing flame the fused 
mass is green. 

13. Tungstate of lead, horn ZimvmLdL^ 

(The specimen was fiimished me hy Mr* Breit- 
haupt). 

Alone, on charcoal, fuses and gives ofiP vapour of 
lead, leaving a crystalline glohule, of a dark, colour 
and metallic aspect, hut which gives a clear grey 
powder. 

JFith borax, in the exterior flame, dissolves with- 
out colour ; in the interior . flame before a brisk 
blast it becomes yellowish, and on cooling grey and 
opaque. By a graduated flame the lead is dissi^ 
pated in fumes, and the globule on cooling is trans- 
parent and dark red, like that obtained with pure 
tungstic acid. 

With salt of phosphorus in the exterior flame 
we obtain a colourless glass, and in the interior 



^Composed ot* 1 atom of oi^ide of lead 112+2 atomg of 
tungstic acid 24rO == 352< 

M 
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HfOne a bciglit blue glass, wfane colour is not alto- 
gether so pore as that from tm^stie adcL A 
larger proportion of the tungstate gites a greenish 
^bss, which in theiend is opaqne. 

fTith sadOy lie obtain a kige quantity of glo- 
bules of leacL 

14. PUfmb^gangmef Sum Huelgoat/ 

(I am indebted to M. GiDet de Lanmont for 
this siibstanee). 

jit&nei in the matrass, gives off aqueous vq^our, 
the assay simietimes decDq)itating violently. 

On charcoal it becomes opaque, whitens, swells 
up like a zeolite, and by a strong heat is brought 
Into semifusion, but cannot be perfectly fused. 

fVith boraj^, fuses into a colourless transparent 

•iflaiui 

fFith sait of phosphorus, similar section and 
snailar result. With a certain proportioii of the 
plomb-gomme the glass becomes opaque on eocding. 

ff^th soda no soiution; but globules of lead 
start out on all indes. 

fFith nitrate of cobalt we obtain a fine pure 
blue colour. 

10. Copper. 

1. Sulphuret of Copper? 

* Composed of 1 atom of oxide of lead 118-f9 Atoms of 
alamina 103^6 of water 54 s S68. Thomson's Chemistfy^ 
vol. iii. p. 542. Berzelius considenr it as a quadri-aluminate 
of lead> with 12 atoms of water. 

« Composed of 1 atom of copper W4 1 ^rtom of sul^htur 
16 s 80. 
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jiione, on ckarcoaU exhales tli6 odoiu* of sttlphu* 
I0U8 ftcid, fuses easily in the exterior flame, and 
projects drops in a state of ignition. In the in- 
terior fla.nie, it becomes covered with a crust, and 
then is no longer fusible. This experiment may be 
frequently repeated. As long as any sulphur re- 
mains no copper separates, whence it seems that ' 
tsulphur and copper may be melted together in any 
proportion. 

In the open tube, sulphurous acid is evolved, 
and a part of the assay bimis, but no sublimate 
is formed. The roasted mineral gives a globule of 
copper, with either soda or borax. 

8. Silber-kupferglanz, (Haussman and Stro- 
meyer). Argentiferotis sulphuret of C<^pet*. 
(Boumon), from Ecatherinenburg.^ 

Alone, fruses readily, exhales the odour of sul- 
j^urous acid, gives off no fumes (not even in the 
tube), does not oxidate, nor project any scoriae. 
The globule has a grey colour, metallic lustre, is 
slightly coloured on the surface,^ is semi-malleable, 
and has a grey fracture. With the fluxes it pro- 
duces the effects of copper. By cupellation with 
lead on bone ashes, it gives a large globule of silvei'^ 
and the cupel is coloured blackish green« 

3. Compound of sulphuret of antimomfy and 



' Composed of 2 atoms of sulphuret of copper 160+ % 
atom of sulphuret of silver 142 = 302. C. 

* Se colore Ugerhnent ^ la mrfaccy this seems redundant, 
but it is so in the original. C« 

M % 
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sulpkuret of copper. (Graugiiltigerz). a. sulphuret 
of copper and antimony ^ from Ecatherinenbiu^^ 
(Boumon, catalogue of the collection, &c. p. 235.) 
b. Endellione, or Bournonite, from Saint* Harey, 
near Grenoble, c. Schwarzerz, from Kapnick. 

Alone, in the open tube, fuses and gives off 
Amies of antimony, which contain scarcely any 
antimonious acid ; exhales the odour of sulphur- 
ous acid, not, however, very evident till after blow- 
ing a few seconds; completely bleaches brazil 
wood paper, placed in the upper part of the 
tube. The roasted mineral solidifies into a blade 
mass. 

Alone, on charcoal, deposits antimony ; no trace 
of the vapour of lead. The globule diminishes in 
bulk, becomes grey and semi-malleable ; with borax, 
it retains its grey colour for some time, and then 
produces the characteristic effects of copper ; frised 
' with soda it gives a globule of copper. 

4. Copper pyrites, a compound of sulphuret of 
copper and sulphuret of iron. 

Alone, on charcoal, on the first impulse of the 
flame^ it assumes a superficial dark coloured tinge, 
and blackens ; becomes red on cooling, fiises more 
readily than sulphuret of copper, and afibrds a 
globule, which, after the blast has been kept up 
some time, is attractable by the magnet; it is 
brittle, and has a greyish red fracture. If after 
long exposure to the oxidating' flame, we treat it 
with a very small quantity of borax, it gives me- 
tallic copper. 
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In the open tube exhales a strong odotir of sul- 
phurous acid, but gives no sublimate. 

In the matrass, no sulphur sublimes. 

After roasting, this mineral produces a com- 
pound effect with the fluxes, derived from that 
peculiar to each of its ingredients, the iron and 
copper. 

fVith soda, we obtain separate globules of iron 
and copper, provided the sulphur has been perfectly 
burnt away. 

5. Sulphuret of tin, (Zinnkies), from Corn- 
wall.^ 

Alone, frises at a high temperature, and exhales, 
in the exterioi; flame, the odour of sulphurous acid ; 
becomes snow white on the surface, and covers 
the charcoal with a circle of white powder, extend- 
ing about a quarter of an inch from its base round 
the assay. This powder, which constitutes the 
principal pyrognostic character of the mineral, \^ 
oxide of tin. It differs from the pulverulent de- 
posit of other volatile metals, 1st, in being con- 
tiguous to the assay; 2ndly, in not being volatile 
either in the exterior or interior flame. 

In the open tube it exhales the odour of sul- 
phurous acid, and is covered with fixed white 
fumes : a portion of which condenses also on the 
sides of the tube close to the assay. 

After long roasting on charcoal, we obtain a grey 

" BeU metal ore* — Composed of 1 atom of sulphuret of tia 
(59-4- S2)01+2atom8 of sulphuretof copper 160 =s 251. C. 
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brittle metallic globule, wbieh gives with the ^vi^es 
the effects of iron and copper. With a mixtiure 
of soda and borax in the oxidating flame, sulphuret 
of tin gives a dark coloured, hard, and very, slightly 
malleable globule of copper, 

6. Nadelerzt from Ecatherinenburg.^ 

Alone, fuses, gives off fumes, and forms a white 
deposit on the charcoal^ slightly yellowish on its 
interior edge ; it then gives a metallic globule re«- 
sembling bismuth. The ftunes are reduced in the 
interior flame without colouring it. 

In the open tube gives white vapour, partly 
fui»^ble and partly volatile ; the fusible part melts 
into clear drops, some of which turn white on cool-^ 
ing ; the current of air which issues firom the tube 
diffiises the odour of sulphurous add. The globule 
of bismuth is surrounded by an oxide, which is 
bkck whilst Uquid, but becomes transparent and 
greenish yellow on cooling. With the fluxes this 
globule gives the effects of copper, somewhat 
faintly. After a strong blast, we idtimately 
obtain a globule of copper, which, by cupella- 
tion with lead, leaves scarcely perceptible traces 
of silver. 

Remark. — John found from one to two per cent, 

' Needle ore* — JAmeson.^^Plumbo'^upri/erous sulphurei of 
bismuihf Hauy. — Composed of bismuth 43*2, lead 24f3t 
copper 12tl, nickel 1-5, tellurium I'S, sulphur 11*5. (John*s 
Analysis.) Its theoretical composition^ according to Berze^ 
lius, is I atom sulphuret of lead 136+2 atoms sulphuret of 
copper 160+2 atoms sulphuret of bismuth 206 = 502. C. 
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i£ tdbmiim^ in thii rain&^ Its* prMenee r aeoeordft 
well with di6 pfopcortieft of'tjie ¥a|pcnir 'fhrmedm 
the tube whilst roasting; but: its^^ ^ptvitlty snp« 
posea a laiiger proportion: at teUuriuia than J<^hn 
obtained. 

The vapour of tellurunn usually odlours t^a re- 
ducing flame green; but this phaiomenon do^s 
not ooeur with the needle ore, and if scrnietimes 
a sligbt eclour appear^ its tint is bluiiE^. The 
mxne thing ha^en^ in the assay of the Blatiecern^ 
in which tellurimn and lead occur to^then (See 
BlatteBes^.p^ MS). Thus lead modiiSes to a certain: 
extent; the charaeteristie effecte of tellurium. 

7. Stleniuret of copper ^ frcnn Skiicketum.^ 
Alone on charcoalt fuses into a slightly malfe* 

aUe^rey globule^ eadialing at the same time a>. 
rery strong odour a£ selenium. 

In the tube, gives at the same time a red pulve- 
rulent sublimate of selenium, and sdenic aeid^ whiehv 
forms, beyond the condensed selenium, oryatals vola* 
tile at a very Ipw heat. 

After very long roasting, during the whole of 
wbich; the: assay developies the odour of selenium^ 
we obtain by soda a globule of copper. 

8. Ettchairite, from Skrickerum.^ 

Alone fvaxSf, exhales a strong^ odour of selenium, 
and: gives a soft, but not malleable grey metallic 

* Composed of 1 atom of copper 64+1 atom of seleniutti 
41=105. C. 

^Composed of 2 atoms of selenluret of copper 310+1 
alon^ of bi^seleniuret of silver (1 10 + 92) 1^ » 402. C. 
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globule ; cupelled with lead it leaves a globule of 
silver ; the odour of selenium is per^ptible during 
the whole operation. 

In the open tube, it behaves like seleniuret of 
copper. 

fFitk thefluxes^ the effects of copper are very 
decidedly produced. 

9. The Fahlerz ores. These minerals bdiave 
differently under the same circumstances, and divide 
into two classes, one composed of such as give off 
arsenic, the other of those that give off antimony 
in roasting. Some kinds ftise, bqil up and fume 
all at once ; others fuse first completely and then 
intumesce, forming excrescences, which present in 
miniature a cauliflower appearance, but fuse in a 
strong heat. When treated with soda after prer 
vious roasting, they all give a globule of metallic 
copper. With the fluxes, the Fahl^z ores pror 
duce the effects due to iron and copper. 

10. Protoxide^ and 

11. Oxide of copper y (see page 115). 

12. Neutral sulphate of copper^ as well as the 
sub'Sulphate, is discoloured by heat, and ^ves off 
vapour of water. The neutral salt becomes white, 
and the sub-salt black. Sulphuric acid is detected 
in both, by pulverising the roasted assay, mixing 
it with charcoal powder, and heating it in a tube 
closed at one end ; a large quantity of sulphurous 
acid is given off, and is evident both by its smell 
and by its action on moistened brazil wood paper,^ 
placed in the tube. This effect is yer^ distinct^ 
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feven though the particle of sub-snlphate be not 
larger than a pin's head. 

13. Sub-muriate of copper ^^ arenaceous and com- 
pact, from Chili. 

Alone^ it strongly colours the flame blue, and its 
edges green. A red pulverulent deposit forms on 
the charcoal, round the assay ; this deposit colours 
the flame blue on the part which plays over the 
surface of the support. The assay fuses, and is 
reduced into a globule of copper surrounded with 
scoriae. The arenaceous mineral gives more scoriae 
than the compact. The scoriae produce the efibcts 
derived from copper and iron ; that of the latter is 
distinctly seen on the glass yhere the reduction 
took place, before the action, of the copper is deve- 
loped by cooling. ; * 

With thefluxeSi the muriate behaves like oxide 
of copper. 

14. Phosphate of copper, from Ehrenbreitstein.^ 
Alone, gives no colour to the flame; falls to 

powder in a strong sudden heat, but preserves its 
cohesion if the heat be gradually raised ; blackens^ 
and fuses, retaining its black colour ; in the centre 
of the mass, a small globule of metallic copper is 
perceptible. This nucleus of copper emits a brit 
liant light, or fulguration, at the instant it con- 

^ Composed of 2 atoms of peroxide of copper 160+1 atom 
of muriatic acid S7 + 4« atoms of water S6 = 233. C* 

' Composed of 1 atom of sub->phosphate of copper (2 oxide 
J60+ 1 of acid, 28) 188 + 10 atoms of water 90 = 278 C. 
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geals, ^eiy liloe the brightening of gpH or silver cm 
the cupel. 

fFkk salt of phosphorus m%d borax it behaiireg 
fike pure oxide of copper, 

IVith sodaf a peculiar pheaoioenou preseots it- 
aeHl A small quantity of soch. giws a liquid gb^ 
bok* If we add a fresh quantily of soda, the mast 
swells up £(»: a moment, then liquefies again, and 
at crery firesh portion that we add to tilie assay, tJie 
some phenomenon occurs, till at last it dilates, and 
becomes solid and infusible. With a great quan- 
tity of soda, the saline mass is^ absorbed by the duff* 
coal, and leaves copper on the sorfaee. 

The principal characteristic effect of phosphate 
of copper is that produced l^ fusing it with a 
nearly equal bulk of metallic lead* If we expose 
the mixture to a very good reducing flame, the 
whcde of the copper separates in the metallic stat^ 
and a mass of fused phosj^iate of lead,, which crys- 
tallizes on cooUng, iosmA rimnd the regukusL If, 
after the phosphate has congealed, we take off the 
tBonxparatively more fusible plumbiferons metaly 
and then fuse the mass again, we obtain a more: 
qperical globule, with broader crystalline facets. 

15. Carbonate of copper^ green and blue.* 

AlonCy in the mairassy g^vea <^ w2M;er, and 
Uackens. 

» The first composed of I atom of earbonate of copper 
^+22) 102+1 atom of water 9 » m ; the second of 1 
atom of hydrate of copp er (80 -f 18) 98 + 2 atoms of bicarbo- 

Dale of copper (80+4ix2) 2i8 = 346. C. 
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On eharcoaly fuses and behaves in every reiq^ect 
like pure oxide of copper, (p. 115). 

16. Arseniate of copper of different spedes» 
from Cornwall Arseniate of copper behaves wiA 
the fluxes, in general, like oxide of copper, but ex-- 
hales by heat a strong odour of arsenic, and when le^ 
* duced alone with soda, gives a white brittle metal- 
lic globule. 

(a). The greyish white arseniate, crystaUissed in 
capillary needles, when heated alone in the matnuss 
gives off no water, nor experiences any change. On 
eharcoal it is reduced, at the moment it fiises^ witb 
detonation, which causes it to penetrate deep into 
the support, from which we obtain a metallic glo* 
bule which becomes red on cooling. The red co- 
lour is owing to a thin covering of protoxide of 
copper ; the globule is white in the interior, and 
breaks under the hammer. 

{by The dark green crystallized arseniate be^ 
haves nearly in the same manner, but throws out 
a fused scoria round the reduced metallic globule, 
as may be seen on attentive examination. If we 
add lead, pour off the fiised metal after the scoria 
has congealed (which naturally adheres to the sur* 
face of the support), and fuse the scoria again, we 
then obtain phosphate of lead, of a white colour^ 
which crystaUizefe at the moment of congelation. 

(c). The compact green variety, rather blebby 
internally, presents the same phenomena, but 
with lead gives a larger q;uantity of phosphate of 
lead. 



172 PYROGNOStIC CHARACTER^ 

(d). The beautiM variety in clear blue crystals, 
gives off much water, in the matrass, fiises imper- 
fectly, and is not reduced with detonation ; but 
leaves a mass of scorise, amongst which may be 
perceived some white metaUic globules. It gives 
no indication of iron with the fluxes. 

Remark. — This last variety, therefore, contains, 
beside oxide of copper, some other base which is 
not reducible. 

17. Vauqueliney from Siberia.^ 

AlonCi in the matrass^ it gives off no water. On 
charcoal it intumesces slightly, then frises and 
froths up abundantly, and is converted into a dark 
grey globule, possessed of metallic brilliancy, and 
surrounded with small beads of reduced lead. The 
greatest part of the globule suffers no change, even 
in a very powerful reducing flame. 

With borax it fiises in small quantity, with 
effervescence, into a green glass, which in the ex- 
terior flame retains its transparency on cooling ; 
but after exposure to a good reducing flame, on 
cooling it becon^es red and diaphanous, or red and 
opaque, or, lastly, perfectly black, according to the 
quantity of the mineral in the glass. A little tin 
added to the assay facilitates the developement of 
the red colour, which arises from the copper. If 

1 Composed of 2 atoms arsub-sesqui-chromate of copper 



(80x3-1-52x2) 344 + 2 atoms of bi-chromate of lead 
(ll'J + 104x2) 432 = 776. The number of atoms is doubled 
to get rid of tlie anomalous half atom of copper in the sub<* 
scsqui-chroniate. C. 
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we add a large portion of the mineral to the assay 
all at once, the glass blackens immediately. 

fVith salt of phosphorus, the same phenomena* 
Soda dissolves it with effervescence. On the 
platina wire in the oxidating flame, we obtain a 
green transparent glass, which becomes yellow and 
opaque on cooling. If we put a drop of water 
on the glass, the alcaline chromate which is pre- 
sent gives it a yellow colour. The mass is absorb- 
ed by charcoal, and ^e obtain globides of lead by 
washing, &c. 

18. KieselmalachitCj from Siberia.^ 
Alone, in the matrass, gives off water and 
blackens. 

On charcoal it becomes black in the exterior 
flame, and red in the interior, but does not fuse. 

fVith borax, readily fuses into a glass, which 
presents the effects of copper. Heated gently in 
the exterior flame, it colours it momentarily of a 
fine green ; continuing the blast, no ^colour re«ap- 
pears ; but let the globule cool, then heat it again 
to redness, and the flame is coloured anew. This 
experiment may be repeated on the same globule 
at pleasure. The phenomenon does not take place 
with pure oxide of copper. With a good reducing 
flame, we obtain a globule of metallic copper in 

* ChrysocoUa^ composed of 2 atoms of sub-sesqul-silicate of 

copper (80x3+ 16 x'^) 272+ 12 of water 108 = 380. The 
atoms are doubled as in the preceding. C. 
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^Ihm:^; the glMs ittay be deprived of eolour %y 
the blast. 

With ^alt ofphasphorus dissolves and presents 
the e£^ts of eoppar, but gives a sort of skeleton 
(dquelette) of silica, distitictly perceptible on siiffer- 
isg the glass to cool, after having exposed it to the 
^ctmor flame. The flame is not at all coloin:ed 
.when we use this flux. 

With soda, on charcoal, fuses into^a dark colour* 
ed opaque glass, which internally is red after cool- 
ing, and contains a globule of copp^. With a 
large, quantity of soda the glass penetrates the 
teharcc^l, and leaves metallic copper on the sur-* 
&ce. 

19- Dioptase, from the country of the Kirguise.* 

Behaves in every respect like the preceding 
mineral. The only remarkable difiarence is, that 
it takes a larger dose of soda before it is absorbed 
by the charcoal, and that the copper may be suf- 
ficiently reduced to render the glass perfectly 
colourless. 

Retnark.'^When we treat Kieselmalachite, or 
Bioptase, with the fluxes, without having previous- 
ly heated them red hot, they dissolve with effer- 
vescence, from the escape of water, and sometimes 
also from the disengagement of carbonic add^ 
which is not unfrequently found in Kieselmalachite. 



> Tartars who inhabit the country adjoining the Cai^iaii 
Sea» on the North East. C. 
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11. NieheL 

1. Sulphuret tf mdceL {Haarkies).^ 

/is lAe open teie» exhales the odour of sulphii- 
Tous acid, bleaches bnBdl wood paper, and becomes 
Uack, but mthout eha^giiig its form. 

On charcoaif in a good heat, semifuses into an 
agglutinated mass, which is metollic^ maUeable 
and magnetic; «nd consists whdly of nickeL 

Aftec roasting in contact with the air, it bdiaYes 
with the fluxes Uke oxide of nickeL 

With the gh$s of silica and soia^ before it Is 
toasted it develops the odour of a sulphuret 

2. Arsemcal nickelf from Freyberg.^ 

In the matrass noth^g volatile is given off; 
semifuses at the temparature at whioh glass softens, 
and a deposit of white arsenic forms on the sid^ 
df the .^ass, at the expense of the air in the .mat- 



On charcoal fuses into a white metallic globole, 
^th the disengagement of arsenical fiimes ztA 
^odour. 

Jht theopen tube the roasting is easily effected.; 
a hirge quantity of white arsenic is formed, and a 
yellowish green residuum left, which by fiesh 
iroasti^ on diarcoal^ and fusion with soda and a 

1 Coaposed of 1 atooi of mekel 26+^ atens of talphtir 

* Composed of I atom of iiiekel 26 + 1 atom of afienic 
S8 = 64. C, 
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little borax, gives a metallic globule tolerably mal- 
leable and yery magnetic. 

After roasting, it behaves with the fluxes like 
oxide of nickel, and commonly after reduction 
colours the glass blue, denoting thereby the pre- 
sence of some oxide of cobalt. 

3. fFhite ore of nickel, from Loos (Nickel- 
glanz).^ 

Alone, in the matrass, decrepitates strongly, and 
gives, at a red heat^ a great quantity of sulphuret of 
arsenic, that sublimes in the form of a fused, trans- 
sparent, reddish mass, which does not become opaque 
on cooling. The residuum has the appearance of 
arsenical nickel, and behaves like that mineral with 
the fluxes. The effects indicative of iron are dif- 
ficult to produce ; commonly the blue colour of co- 
balt only is perceptible after the nickel is extract- 
ed by reduction. 

4* NickeUspiesglanserz, from Baudenberg, in 
the Comte de Nassau. (The mineral used in the 
following experiment was furnished by Professor 
inimann).^ 

In the open tube gives off abundant fumes of 
antimony and a slight odour of sulphurous acid ; 

' Composed of I atom of bisulphuret of nickel (26+64^) 
90 + 1 atom of biarseniuret of nickel (26+76) 102 ss 193. 
C. 

^ Antimoine sulphur^ niekelifere. Hauy. Accordfng ta 
John, it contains antimony with arsenic 61*68> nickel 23'dS> 
sulphar 14' 16, silica with silrer and lead 0*93, trace of iron. 
Jameson. C. 
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it bleaches brazil wood paper placed in the 
tube. 

In the matrass a small portion of white subli- 
mate is fomed) apparently at the expense of the 
air in the vessel. 

On charcoal fuses and fumes considerably; a 
slight arsenical odour is sometimes perceptible, but 
not easily distinguished. However far we push 
the roasting of the metallic globule, it always re^ 
mains fiisible and brittle. With soda it neither 
^ves off the odour nor vapour of arsenic ; the soda 
is not absorbed by the charcoal, but remaibs on the 
surface, where it fuses with the mineral into a black 
globule. The glass formed with this fliix displays 
the colour of a sulphuret. With the other fluxes 
the metallic globule produces only the characteristic 
effects of cobalt. 

5. Arseniate of nickel, (pulverulent, slightly 
greenish white) from AUemont.' 

Alone, in the matrass, gives off water, and its 
colour becomes darker. 

On charcoal exhales a strong odour of arsenic ; 
in the interior flame fuses into a globule of arsenic 
ferous nickel. 

With the fluxes it behaves like oxide of nickel^ 

' Composed of 2 atoms of sub-sesqui-arseniate of nickel 
(26x8+62x2) 202+18 atoms of water 162 = 364?. The 
atoms doubled as before. C. 

Berthier Annates de Chimie et de Physique, tome x]ii# page 
57. B. 

N 
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but in the reducing flame betrays the presence of a 
pretty considerable quantity of cobalt. 

6. Pimilite, from Kosemiitz.^ 

Alone^ in the matrass^ blackens and gives off 
water, which smells of petroleum. The black 
dokur is owing to a portion of charcoal contained 
in the mina-al ; when this is burnt away, the mass 
is greenish grey, inclining here and thepe to brown. 
Kmelite is infusible, but becomes converted into 
scofias in the thin parts, and assumes a dark grey 
colour. 

With borax dissolves and displays the effects of 
nickel ; a^r the reduction of which, it gives no 
teace of cobalt. 

tVith salt of phosphorus fuses, in small quantity, 
into a transparent glass ; with a larg^ portion of 
the assay we obtain a glass, whose colour indicates 
tlie presence of nickel, and which holds in suspen- 
sion a white skeleton of undissolved silica. 

With soda fuses imperfectly into a nearly- 
globular scoriaceous mass. A larger portion of 
itoda causes it to be absorbed by the charcoal, from 
which we obtain a very large quantity of reduced 
nickel by washing. 

^JR«m«r/r.— Pimelite, externally, has considerable 
resemblance to talc supposing it to contain nickel. 
Its property of blackening, and of exhaling an em-^ 
pyreumatic odour when heated in a close vessel, is 

' Consists of oxide of nickel 15*62, silex 35, alumine 5*10,. 
lime 0*40, magnesia 1*25, water 37*Q1. Klaproth. {PhiUips.)t 
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also common to almost all the mineicals which con- 
tain magnesia, as an essential constituent, that is 14 
notable quantity. Hence its composition requires 
a more particular examination. Possibly oxide of 
nickel may have in this case the same property a& 
magnesia, which. it resembles also in forming double 
salts with potassa and ammonia. 

.12. Cobalt. 

1. Sulphur et of Cobalt^ from Bastnas, near 
Riddarhytta.' 

Alonel in the matrass^ gives off nothing volatile,^ 
though, from its composition, a sublimate might 
have been expected ; does not decrepitate. 

In the open tube gives sulphurous acid, and a 
triflingquantity of concentrated sulphuric acid, which 
sublimes in the form of little drops, distinguishable 
by the microscope and of a white colour. If the tube 
be dusty they become black, from their action on the 
dust. The sulphuric acid is produced at the be- 
ginning of the roasting, and its quantity does not 
increase as the operation proceeds. No trace of 
arsenic can be discovered in the assay. 

On charcoal frises after roasting into a grey 
metallic globule, from which it is difficult to drive 
off the last portions of sulphur. 

' Cobalt Pyrites. Constituent parts, ftccording to HisingerV 
analysis, cobalt 4*3*2, sulphur 38*5, copper 14*45, iron 3*53) 
(Jameson). Berzelius considers it composed of 1 atom of 
bisulphuret of iron -f 4* atoms of su^huret of copper ip 12 atoffi9 
of sulphuret of cobalt. C. 

N 2 
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fFith the jiuxts the effects of the cobalt predo- 
minate so much that it is impossible to distinguish 
those of the iron and copper. But if we repeatedly 
remelt the grey globule with borax in the exterior 
flame, (it having been previously fused on charcoal): 
the borax seizes oh the cobalt, and the copper, 
collects together (se concentre) ; so that, when we 
afterwards fuse the mass with salt of phosphorus, 
and expose the glass, saturated with metallic mat- 
ter, to the reducing flame, the red colour of the 
protoxide of copper is developed on cooling, al- 
though tinged blue by the oxide of cobalt. 

2. Arsenical cohalU from Riegelsdorf.^ 
Speisskobaltf from Freyberg and Bieber. 
Alone, in the open tube, very readily gives off 

arsenious acid. 

. In the matrass some species give a little metallic 

arsenic— -others none at all. 

On charcoal they all exhale the vapour and 
odour of arsenic, and fuse into a white metallic 
globule, which remains brittle even after long 
treatment with borax, which it colours cobalt blue. 

3. Scapiform qrsenic, (Stanglicher arsenik) from 
Schneeberg. 

Scherbenkobalt, from Saxony. 

» Arsenic 74*22, cobalt 20*31, iron 3*4'2, sulphur 0'89, 
copper 0*16 ; or^ arseniuret of cobalt 51 *7Q, arseniuret of iron 
9'17, persulphuret of iron 1*55, sulphuret of copper 0*20, 
arsenic 36*98. Stromeyer. An.de Chim. viii. 81. Berzeliua 
consi ders it to consist of 1 atom of bi-arseniuret of cebak 
(26+38x2) 102, and arsenic. C. 
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In the matrass these minerals give ofPno arsenic, 
or only an exceedingly small quantity. 

In the open tube we obtain an abundant subli- 
mate, partly consisting of arsenious acid, and partly 
of metallic arsenic, and a grey brown infusible te- 
nduum, which, after a thorough roasting, readily 
dissolves in the fluxes. 

Hlth borax they combine and give the blue 
colour indicative of cobalt, without any other effect. 

With salt of phosphorus both ores fiise alike, 
and exhibit the colour of cobalt; but the scapi/orm 
arsenic very decidedly gives traces of nickel, for it 
does not assume the blue colour till the nickel has 
been precipitated by tin. 

4. Koboltglanz, from Tunaberg.* 

Aloney in the matrass^ not the least change. 

In the open tube roasts with difficulty ; does not 
give off any arsenious acid without a strong heat; 
exhales the odour of sulphurous add, and whitens 
brazil wood paper placed in the tube. 

On charcoal fumes abundantly, and, after roast- 
ing some time, fuses, when it behaves like frised 
arsenical cobalt. 

5. Black oxide of cobalt, Schwartzer Erdkobalt 
(Its locality not known.) 

Alone, gives off empyreumatic water. 

> Cobalt 44, arsenic 55f sulphur 0*5. (ISapraih.) Jameson, 
Berzelius thinks it may be composed (adding a ? to his formula) 
of 1 atom of bi-arseniuret of cobalt +1 atom of bisulphurefr 
of cobalt. C. 

1 
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On charcoal exhales a slight arsenical odour ; 
does not fuse. 

With borax and salt of phosphorus dissolves, 
and gives so deep a tint of cobalt blue» that no 
other effect is discernible. . 

With soda it is invisible. On the platma wir^ 
it gives a mass coloured deep green by manganese. 
If we separate the green portion, and heat it alone 
on charcoal, we obtain a scarcely magnetic, white 
-metal, which communicates an iron tinge to salt of 
phosphorus, and also the property of turning milk 
white on cooling. I have not more particularly 
examined this metal. 

6. Arseniate of cobalt^ (crystallized) bom 
Schneeberg.^ 

Alone, in the matrass, gives off water and turns 
brown, but no sublimate rises. 

On charcoal fumes abundantly, and exhales the 
smell of arsenic. Fuses in a good reducing flame, 
and is converted into arsenical cobalt. 

With the fluxes we obtain a blue glass. 

7. Arsenite of cobalt (pulverulent), from Schnee- 
berg. 

. Alone, both in the matrass and open tube, gives 

I Composed of 1 atom of sub-sesquhansQaiate. of cobalt 



(34« X 3 4- 62 X 2) 226 4- 1 2 atoms of water 108 = 334?. Accord- 
ing to the formula in the Tables, Nouveau Syst^me, p. 204, 
and in the Essai sur la Theorie des Proportions, &c. The 
formula in the present work gives 4 atoms of oxide of cobalt 
and 2 atoms of arsenic acid, which denotes a sub*arscaia^« C. 
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u laige qvanl&ty ci ars^olQUfi add, alter iVluch it 
behaves like the preceding. . , 

■■,''■■ '  '  

13. Uranium. . 

1. Protoxide of uranium^ from Johan Geor- 
genstadt. 

AlonCy neither fiises nor alters, but in the forceps 
colours the external flame green. 

FFith borax and salt of phosphorus behaves like 
oxide of uranium. (Bee p. 99.) 

ff^ith soda does not dissolve ; but when we attempt 
to reduce it, it gives white metallic globules of iron 
and lead. 

2. Yellow hydrated oxide of uranium^ from the 
same place.^ 

a. Pulverulent oxide of uranium^- in the form 
of a lemon-yellow powder. 

In the matrass gives off water and assumes a 
red colour, which it retains whilst hot ; in the re- 
ducing flame it becomes green without fusing ; in 
other respects it behaves like pure oxide of uranium. 

b. Compact oxide of uranium. 

Alone^ in the matrass^ gives off water and be- 
comes reddish. In a strong heat, on charcoal, it 
fases into a black globule. 

With the fluxes behaves like the preceding. 

I One atom of uranium 1854-2 atoms of oxygen 16=141. C. 
■• One atom of peroxide of uranium 149 + 10 atoms of water 
90 = 239. C. 
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PFith soda ^ves off vapour of lead, and aff^ds 
white metallic globules. 

JR^m^rAr.—- The last variety is a mechanical mix- 
ture of hydrate of uranium, uranate of lime, and 
nranate of lead, 

14. Zinc. 

1. Zincblende} 

Alone t sometimes decrepitates strongly ; experts 
ences little change at a red heat. Does not fuse, 
but the thinner parts on the edges are a little 
rounded by the most intense heiit we oan produce. 
Exhales but a very slight odoi;r of sulphurous acid, 
smd is difficult to roast. 

In the open tube gives off no fumes, and suffers 
little change. 

On charcoal it forms an annular deposit of the 
vapour of zinc when strongly heated in the exterior 
flame. 

Soda attacks it feebly ; but the zinc is reduced 
and, in a good flame, bums, and flowers of ^nc are 
deposited on the charcoal. 

2. Oxide of zinc, from America,^ 

A lone 9 suffers no change, except that its colour 
becomes obscure whilst hot. In the reducing flame 
it covers the charcoal with zinc fumes. 

With borax dissolves readily, and, in the exterior 

' Blende. On^ atQin of zinc 34+1 atom of sulphur 16 == $0, 

C. ..." 

} Oxide of zinc, with oxide of manganese. C. 
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flame, l^e glass is coloured by manganese : when 
saturated, it becomes opaque on cooling, as well as 
by flaming. 

With salt of phosphorus fuses readily into a 
colourless glass. The colour indicative of man- 
ganese does not appear till the glass is so saturated 
that it becomes opaque on cooling. 

With soda no solution. No effect when we at- 
tempt to reduce it. 

On platina foil a pale green* colour. 

With solution of cobalt the pulverised mineral 
(whose colour is yellow) becomes tinged greenish 
yellow on the edges, but gives no shade of blue, 
nor experiences the slightest fusion. 

3. Sulphate of zinc^ from Fahlim.^ 

Alone, in the matrass, gives off water. Heated 
with charcoal powder, it disengages large quantities 
of sulphurous add. It gives the colour of liver of 
sulphur to the glass of silica and soda, when fused 
with it. 

It behaves with the fluxes like oxide of zinc^ 
producing, besides, the effects derived from iron. ^ 

4. Carbonate of zinc (crystallized) calamine.^ 
Alone, gives off no water ; but, by heat, becomes 

like white enamel, and then behaves as pure oxide 
of zinc. 

Jiemarh-^li the calamine contain cadmium, 

' One atom of oxide of zinc 42+1 atom of sulphuric acid 
40+7 atoms of water 63 = 145. C. 

2 One atom of oxide of zinc 42+1 atom of carbonic acid 
?2;5:64. a 
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.when exposed on dmricoal to the reducing flame^ 
<ai the first impulse of the heat, a! red or orange 
coloured ring surrounds the assay. This appear- 
ance is Very distinct i^vhen the charcoal is quite 
cold. (See oxide of cadmium, p. 104.) 

6, Sulh-carbmate of zinc (eaHhy)^ Zif^JeUutke, 
from Bleyherg ^nd the East Indies.^ 

. Alone, in the matrass, gives off aqueous vapour. 
In all other respects behaves like oxide of zinc. By 
a eoi])tinued blast it may be volatilized in the reduc- 
ing flame, when it leaves a minute portion of scorise, 
■in which the fluxes detect the presence <^; iiron. 

€. Double carbmate of zinc and copper^ from 
Siberia. 

Alone, in the matrass, it gives ofi* water, and 
its green colour changes to black. With the fluxes 
it exhibits the eflFects of cc^per, but the. globules 
become opaque on cooling, in consequence of the 
oxide of zinc which they contain. 

With soda, in the experiment of reduction, wo 
obtain a globule of copper, and the charcoal becomes 
covered with zinc fiimes. 

7. Silicate of zinc. Zinkglas.^ 

Alone, in the matrass, decrepitates slightly, 
gives off water, and becomes milk white." Intu- 
mesces a little in a strong heat, but does not fuse. 

'i 

* Earthy calamine. Oxide of zinc 71*4?, carbonic acid 13*5, 
water 15'1. Smithson. Phil. Trans. C. 

* Electric calamine. A specimen from Rezbanya, in Hun- 
gary, analysed by iSmithson, gave oxide of zinc 683, silica 
25, water 4f"4. Jameson. 
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fFith borax fuses into a colourless glass, whieh 
€loe9 not become milky either by flaming or cooling. 

fFith salt of phosphorus fuses into a* tolourless 
glass that becomes opaque on coding. By the 
addition of a large quantity of the assay, and not 
otherwise, some indications of silica are perceptible 
in the globule. • - 

JVith soda it does not fuse, but swells up, and 
scarcely gives off any fiunes of zinc. 

fFith solution of cobalt becomes green, at a mo- 
derate temperature ; in a strong heat, the edges of 
the assay are coloured of a fine clear . blue, whose 
tint is very beautiful; at the same time, we per- 
ceive an incipient fiision, and the blue colour ex- 
tends a little towards the unfiised portion. 

8. GahnitCi from Fahlun.^ 

Alone, unalterable. 

fFith borax, and salt of phosphorus, fuses, but 
with such difficulty, that these fluxes might be 
supposed to have no action on it. Even in powder 
it fuses in very small quantity. 

ff^ith soda, does not fiise, but agglutinates into a 
dark coloured scoria. 

Reduced to fine powder, and intimately mixed 
with soda, it gives, in the reducing flame, a very 
evident areola of the fumes of zinc, which surrounds 

' Automalite^^Zinciferoui spineUe. Vauquelin's analysis 
gave, alumina 4*2, oxide of zinc 28, silica 4, oxide of iron 5, 
sulphur 17. Phillips. Berzelius considers it, frora Ekebf-rg's 
analysis, as a quadri-aluminate of zinc, containing 1 atom of 
oxide of zinc 4*2 +4 atoms of alumina 68= 1 10. C. 
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the assay, at the beginning of the blast. This, in 
the order of its pyrognostic characters, is the prix^ 
dpal distinguishing mark of gahnite. 

f^ith a mixture of soda and borax it fuses into 
a transparent glass, coloured by iron« 

15. Iron. 

1. Native iron of the meteoric stones. The 
blowpipe is incapable of detecting the nickel com- 
bined with the iron in these substances. I have 
not had an opportmiity of trying the fossile iron 
from Kamsdorf. 

2. Sulphuret of iron. 

a. Magnetical Pyrites^ from Uto.* 

J lone, in the matrass, no change. 

In the open tube, gives off sulphurous acid, 
without any trace of sublimate. 

On charcoal, in the exterior flame, becomes red, 
and is converted by roasting into oxide of iron. In 
the interior flame, it fuses, at a pretty high tem- 
perature, into a globule, which continues red hot a 
few seconds after it is withdrawn from the flame. 
After cooling, it is found covered with an imequal, 
crystalline black mass. Its fractwe is crystalline, 
with a yellowish colour and metallic brilliancy, 

i. Common sulphureous pyrites.^ 

I Composed, according to Hatchett^ of iron^3'5, sulphur 
36*5. PkiUips. Berzelius calculates it to be a compound of 
1 atom of bisulphuret of iron (28+32) 60+6 atoms of sul* 
phuret of iron (28 + 16 x 6) 264 =s 324. C 

^ A bisulphuret of iron. C. 
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Alone, in the matrass, exhales the odoiir of 
sulphuretted hydrogen, and gives off sulphur^ 
Towards the end of the roastmg, we obtain, by 
urging the heat, a reddish sublimate, less volatile 
than sulphur, and whose quantity is variable with 
different pyrites ; it has every appearance <^ sul- 
phuret of arsenic. Well roasted sulphureous 
pyrit^ has a metallic aspect, is porous, attractable 
by the magnet, and behaves like magnetical pyrites. 

On charcoal, its habits are similar to those of 
the magnetic pyrites. 

S. Mispickel (crystallized, from various places).^ 

Alone, in the matrass, first gives a sublimate 
of red sulphuret of arsenic, then a black sublimate; 
lastly, in a strong heat, a grey crystalline suWiHuite 
of metallic arsenic rises. The residuum, when 
heated on charcoal, gives no more arsenical odour^ 
and behaves like magnetic pyrites. 

On charcoal mispickel at first gives off dense 
arsenical vapours, then fuses, exhaling the odour of 
arsienic, into a globule having the appearance of 
magnetic pyrites. If the mispickel contain cobalt; 
we detect it after it has been th(»aughly roasted 
and fused with borax or salt of phosphorus in the 
reducing flame, by the glass assuming, when cdU^ 
its blue characteristic colour^ 

1 Common arsenical pyrites. Chevreurs analysis gave; 
arsenic 43*4, iron 34«'9> sulphur 20*1 (Jameson) \ from whidi 
Berzelius calculates its composition as 1 atom of bi-arseniuret 
of iron (28+38x2) 104+1 atom of bisulphuret of inia 
(28+32)60=164. C. 
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4. Graphite} 

After long exposure to the interior flame, it be- 
comes yellow or brown ; is infusible, and not < acted 
on by the fluxes. 

6. Columbiferom iront from Kimito, in Finlaadd ; 

Cinnamon powder tantalite, (^ Elijebevg.^ 

AtonCy no change. 

With boraa? its solution is extremely difficult ; 
it is only by reducing the mineral to very fine 
powder that it can be made to dissolve in this flux, 
and even then the solution is effected very slowly. 
The glass has a bottle green colour, and until the 
whole powder is dissolved, (which requires several 
minutes) it gives no indication of iron in the ex- 
terior flame, and does not become opaque by ^am^ 
mg after it is cold. When the whole of the assay 
is dissolved, the glass behaves like that of columbite. 
(See further on.) 

The difference in the phenomena presented by 
columbiferous iron and columbite, arises from a 
large portion of the iron and columbium in the 
former being in the metallic state, and insoluble 
without previous oxidation. 

fVith salt of phosphorus the solution is much 
less difficult than with borax, and the assay is si- 
milar to that of columbite, containing no tungsten. 
With soda^ on platina, the action of manganese 
is evident. No solution. 

> Plumbago^ or black lead; according to BerthoUet's analysift 
it consists of carbon 90*9, iron 9*1 . C. 
» See Afh. i Fysik, &c. B. vi. p. 237. B. 
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6. Magnetic iron ore, arid ' 

7. Peroxide of iron.^ 

They behave as already described under the head 
oxides of iron, p. 105. They are sometimea found? 
mixed with a stnall quantity of chrome or tkaiiium^ 
which are easily detected by the effects to »be de- 
scribed when we treat of chromiferous and titaili^ 
ferousirob. 
' 8.. Sulphate of iroft. 

a. Iron vitriol. 
" b. Red vitriol (from a shaft in the miii^-at 
l^ahlun, called Insjdy. '" ■' - ' ; 

c. Ochre vitriol - ' 

Heated in the matrass th6y all give off water, 
and, at a red heat, sulphurous acid, which is known 
by its Hsmell and its action on moistened brazil 
wood paper. 

'• Aftfer being heated red, the sulphate behaves 
with the fluxes like pure oxide of iron. If we 
treat", this oxide with soda before the sulphuric acid 
fe- completely driven off, we obtain in the reducing*' 
eixperiment yellow metallic grains of magnetic py-i 
ritfes*. If the quantity of sulphuric acid combined 
>^tli the oxide of iron, be so smali that its presence 
cannot be immediately ascertained by the odour 
or action of the sulphurous acid disengaged from 
the Ignited assay, it may be rendered evident, by 

'The analysis of the iirst by Berzelius gave peroxide of 
iron 71'86, protoxide of iron 28*14. He considers it as com- 
posed of 1 atom of the latter, and 2 atoms of the peroxide. 
Ko. 7 is merely (according to the formula) peroxi<le of iron^ C. 
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treating the oxide of iron with soda on pktina foil, 
and dissolving a little glass in the portion of the 
mass dissolved hy the soda. However small a 
quantity of sulphuric acid the assay may contain, 
the liver colour of the sulphuret will he developed. 
. 9- Phosp/uite of iron (in hluish transparent 
crystals), from St. Agnes, in Cornwall. 

Alone, in the matrass, gives a great deal of 
water, intumesces, and becomes sprinkled with grey 
and red spots. 

On charcoal, intumesces, reddens by the heat, 
and then very readily fuses into a steel coloured 
globule, with a metallic lustre. 

With boraXy and salt of phosphorus, behaves 
like oxide of iron. 

IVith soda on charcoal, in the reducing flame, 
pves grains of iron, which are attractable by the 
magnet. On platina foil there is no indication of 
manganese. 

With boracic acid dissolves readily, and by the 
addition of metallic iron, in the manner detailed at 
p. 129» gives a fused regulus of phosphuret of iron. 

AIL the varieties of phosphate of iron that I have 
had an opportunity of examining, behave in the 
same manner. ^ 

10. Carbonate of iron. 

In the matrass gives off no water. Some species 
decrepitate violently. In a very gentle heat it 
blackens, and gives protoxide of iron, very attract- 
able by the magnet. 

11. Arseniate of iron. 
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fa)* Scorodite^ from Graul, near Schwartzenberg. 

Alone^ in the matrass^ it first givea off water, 
and becomes grey white, or yellowish. In an in- 
tense heat white arsenic sublimes in small brilliant 
crystals, and the mass blackens. When cold, it has 
spots here and there on its surface, some red, others 
dark green; when pounded, it gives a clear grey 
yellow powder. 

On charcoal exhales abundant fumes of arsenic, 
and, in the reducing flame, fuses into a grey scoria, 
with metallic brilliancy, and attractable by the 
magnet. When dissolved in the fluxes, the scoria 
exhibits the effects of iron, and the glass exhales a 
strong smell of arsenic. 

{b). WiirfelerZy from Cornwall.^ 

Aloncy in the matrass, gives off water, and turns 
red. Affords but little or no white arsenic in a 
strong heat, intumesces slightly, becomes red on 
cooling, and, when pounded, gives a red powder. . 

On charcoal it behaves with the fluxes like the 
preceding mineral. 

(c). Eisensinter (Eisenpecherz of Klaproth), from 
Freyberg. 

Alone, in the matrass, gives off a very large 
quantity of water, and also, at an incipient red 
heat, sulphurous acid^ easily recognised by its 

' Cubc'ore* Chenevix's analysis gave— arsenic acid 31, 
oxide of iron 45*5, oxide of copper 9, silica 4, water 10*5. 
Jameson. The formula represents it as composed of 1 atom 
of arseniate of protoxide of iron, 2 atoms of arseniate of per- 
oxide of iron, and 10 atoms of water. C. 

O 
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odour, and its action on brazil wood paper. No 
sublimate. 

On charcoal contracts, or shrinks {se retire), 
gives off a thick white vapour, and a strong odour 
of arsenic is, for a long time, perceptible. In other 
respects it behaves qidte like the preceding minerals. 
- In salt of phosphortts dissolves, and. then, being 
exposed to the reducing flame till the whole of the 
arsenic is dissipated in fumes, it gives, with a small 
quantity of tin, a red globule, whose colour is de* 
rived firom protoxide of copper. If we add the tin 
before the total disengagement of the arsenic, the 
globule tiuns bl^ck on cooling, and the appearance 
^ of copper cannot be produced. 

Remark. — These experiments prove that Klap- 
roth's analysis of Eisenpecherz (Beytrage, v. 221) 
is inaccurate, and that this mineral is a mixture of 
sulphate and arseniate of iron, in proportions at 
present unknown.^ 

12. Ckromi/erous iron, from various places. 

Alone, experiences no change, except that those 
species, which, before they have been exposed to 
the reducing flame are not attracted by the magnet, 
are rendered obedient to it by the action of that 
flame. 

fFith borax, and salt of phosphorus, solution 
slow, but complete. The characteristic colour of 
iron (with the modifications it experiences in pas- 
sing from the exterior to the interior flame) is only 

* Klaproth's analysis gave— ojude of iron 67> stdphuric 
acid 8, water 25. Phillips. C. 



apparent whilst the a^say i^ hiot; but when^ on 
coe£iQ^ji its cqIoui ^is^ppe^s^ the fine gceeH of th^ 
oxide of c^ome is developed. f\m efiS^t is mu^ 
inore i^kteiuse if die aisifiay has be^n ac^ ob by the 
redu^ng ftam^ wd .s^ear* in 6»H briUiawy by- 
the addition of tin. 

Soda, on pli^ii^ loil, does^ not attack this mine- 
ral, nor receiye any colour froi» it when they are 
fused togeth^. The redu^asig experiment on 
chareoal gives ir<»i. 

18, Titaniferous ifvn ifilm^htomt^, Menachau-. 
ite, Nigrine, Xserine, vokanie iron^ iron sand, and, 
in general* eveiy magnetic iron ore with a^ vitreous 
fracture). 

Alone, infiisible, unalterable. With the fluxes 
behaves like pure protoxide of iron ; but, if we 
dissolve it in salt of phosphorus, and effect the 
complete reduction of the glass, after the colour 
from the oxide of iron has disappeared it assumes 
a red colour^ of various intensity, but deepest at the 
laat instant of cooling. The proportion oif titanium^ 
is indicated by the intensity of the colour. If the 
proto»i4e pf titanium be present in considerable 
quantity, itSj charapteris|ic effect may be produced 
Ity tin; otherwise, th;^ Qolpw vanishes after fusing 
the mineral with that n^et^l. See what has been 
said already on the rejections of ^e o;K:ide of titgr 
nium, p. 94. 

Remark.-rrWk&3i, we. snbn^jl; oxide of iron, not 
containing titanium, to the preceding trials, the 
glas^ in which it is i^educjed pi;esents, after coc^g, 

o 2 



196 PYKOGKOSTIC CHARACTERS 

a yellowish or reddish tint, which an inexperienced 
operator, expecting to find a perfectly colourless 
glass, might mistake for an indication of a small 
quantity of titanium. In general, the presence of 
that metal is not to be suspected, if the effect be 
equivocal. ^ 

14. Hydrate of iron. (Brauneisenstein, Rase- 
neisenstein, Lepidochrokite, Stilpnosiderite, &c.) 

In the matrass they give off water, and leave 
a red oxide. The stilpnosiderite is fusible in a 
thin lamina, with a strong heat. 

After solution in salt of phosphorus^ it gives 
with tin, in a good reducing flame, some traces of 
copper. 

16, Manganese^ 

1. Sulphur et of manganese^ from Nagyag.* 

AlonCy in the matrass^ no change. 

In the open tube roasts very slowly without 
giving off any sublimate. The roasted surface as- 
sumes a clear green grey colour, and the interior re- 
mains a long time unchanged. 

On charcoal, in a very good reducing flame, 
after roasting to a certain degree, the thin portions 
of the assay may be fused into a brownish scoria. 
When perfectly roasted, it behaves with the fluxes 
like pure oxide of manganese. 

TVith boras fuses with great difliculty into a 
glass, which, when cold, has a slight yellowish tint, 

^ One atom of manganese, 28+1 of sulphur, 16 = 44. C. 
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as long as a^y a portion of the as$ay remains still 
untouched^ This colour seems to he of the same 
kind as that which stilphur gives to th^ passes of 
silica and soda. When the assay is dissolved, and 
the reduction ceases, the colour indicating oxide of 
manganese appears. 

In salt of phosphorus dissolves with brisk ef- 
fervescence, and abundant disengagement of gas, 
which continues some moments after the blast. has 
ceased. If we then bring the assay globule near 
the flame of the lamp, we may hear little detona- 
tions occasioned by the inflammation of the com- 
bustible gas which is liberated. If the globule^ be 
large, it retains its heat so much the better, and the 
phenomenon is prolonged ; at last a large bubble 
of gas bursts out, which bums with a pale green 
fight. The disengaged gas is known, byjthe peculiar 
odour of the boiling matter, to be sulphuret of phos- 
phorus, formed by the combination of the sulphur 
with the phos]^orus of the phosphoric add, which is 
disengaged from the latter by the oxidation of the 
manganese at the expense of the acid. In this ope- 
ration the glass presents a peculiar play of colour. 
Whilst liquid it is transparent and colourless, but 
acquires on cooling the same yellow colour as glass 
of borax. Whilst the greater part of the mineral is 
still undecomposed, the mass by cooling becomes clear 
yellow, but afterwards its colour gets brown, and at 
the moment of congelation a fixed substance sepa- 
rates, which makes the globule black. With the 
microscope we see in the interior of the glass. 
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^hose proper oAova is dark yellow, sm^ Uack par- 
tides in suspension, and towards the end of ihe 
0peat^^ the light it transmits is blnii^.^ When 
the whole of the sulphiiret ojf manganese is dis- 
solved, aAd l!he effertescenoe has totally ceased, the 
glass becomes perfectly dear and coiouxless, and 

acquires in the oxidating flattie a ibie amethyst 
colour. 

fFith soda, the solution is imperfect ; a hepatic 
mass sinks into the charcoal, and a half fused grey 
scoria remains on the surface. 

2. Perojcide cf manganese.^ 

Alone, in the matrass, no perceptible diange, 
if pure, but commonly the best crystallized per- 
oxide of manganese contains more <»r less hydrate 
of manganese, whose water is expelled by heat, and 
its quantity serves as the basis to calculate the 
oommerdal value of the oxide ; the more water the 
heated mass gives off, the less peroxide of maiq;a- 
nese it contains, and the less it is worth. 

On charcoal it becomes brown red in a good 
reducing flame. 

In borax and salt of phosphorus dissolves with 

' The cause of this last tint is certainly not derived from 
the sulphur. Can sulphuret of manganese be soluble in the 
salt of phosphorus^ or may. there be an oxide of manganese^ 
of an inferior degree to that of the protoxide, and may this 
oxide, like thq inferior oxides of copper and bismuth, be 
soluble in the fused acid, but liable to abandon it at the 
moment it becomes solid I B. 

^ One atom of manganese, 28+2 atoms of oxygen, 
16 = 44. C. 
3 
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brisk eflfervesoenoe from the disengaged oxygen ; 
in other respects it behaves like pure oxide of 
manganese^ (p. 101). A peroxide of manganese is 
found in nature, containing a pretty large portion 
of iron, whose presence is ascertained by exposing 
the glass, particularly that with borax, to a good 
reducing flame. The characteristic colour of iron 
alone remains after the operation. It may also be 
detected by reduction with soda ; the metal being 
reduced and the mass absorbed, it is collected frouL 
the charcoal by the usual process. 

8. Ferriferous phosphate of manganesef fix)m 
Limoges (Phosphormangan).^ 

Alone^ in the matrass^ gives off a little water, 
which acts on litmus paper as an add, and turns 
brazil wood paper yellow; the transparency of the* 
glass is not affected. But if we treat the assay in 
the open tube, directing the flame dT the lamp into 
it, its sides here and there become opaque from the 
deposition of silica ; the mineral therefore contains 
a little fluoric add ; yet the water which condenses 
in the tube does not act on brazil wood paper. 

Atone, on charcoal, fitses very easily with brisk 
intumescence, into a black globule, with metallic 
lustre, and very magnetic. 

' Vauqueljn's andyiis gave, oxide of manganese 42, oxide 
of iron 31, phosphoric acid 27. Jameson* Berzelius con- 
siders it to be composed of 1 atom of subphosphate of man- 
ganese, + 1 atom of subphosphate of iron ; both metals in the 
state of protoxide. C. 
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fFith boras fuses easily. The oxidating flame 
develops the characteristic colour of oxide of man* 
ganese, and the reducing that of iron. 

fVith salt of phosphorus fuses very easily. 
Little else than the colour indicative of iron is 
perceptible ; we can however produce a slight tinge 
of manganese by long oxidation assisted by a very 
low ignition. 

fFith boracic acid fuses. By introducing a 
small bit of metallic iron into the mass, we obtain 
phosphuret of iron. (See p. 129.) 

fVith soda, on charcoal^ does not fuse, but in' the 
reducing experiment gives a large quantity of phos- 
phuret of iron. On the platina foil the usual action 
of oxide of manganese ensues. 

4. Carbonate of manganese^ from Freyberg.^ . 

Alone^ in the matrass^ gives off a little water, 
and decrepitates violently. In a higher heat, car- 
bonic acid is disengaged, and the assay becomes 
greenish grey^ which distinguishes the protoxide 
of manganese. In a matrass with a large body, 
or on charcoal^ it becomes black by the superoxi- 
genation of the protoxide. On charcoal, in the re- 
ducing flame, it becomes brown black, and the 
effect of caustic lime is perceived by brazil wood 
paper. It afterwards behaves with the fluxes like 
sUghtly ferruginous oxide of manganese. 



I A mixture of the carbonates of mangaaese, iron, and 
lime. C. 
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5. Wolfram} 

Alone^ in the matrass^ decrepitates a little occa- 
sionally^ and gives off a small quantity of water. 

On charcoal^ in a good heat, may be fused into a 
globule, whose surface presents a collection of toler- 
ably large lamellar, iron grey crystals, having a me* 
tallic lustre. If the assay be only partially fused, 
the crystallization on the surface is confused and 
indistinct. 

With borax fuses readily, and gives the cha- 
racteristic colours of iron, without enabling us to dis- 
cover from their play the presence of tungstic 
acid. 

With salt of phosphorus fuses easily. In the 
oxidating flame the glass assumes only the tint of 
iron ; but in the reducing flame it becomes dark 
red. A very small proportion of wolfram renders it 
opaque, an exceedingly minute quantity producing 
an evident effect. If we add tin, and blow an in- 
stant, the colour becomes green ; but this is not 
well distinguished if it be too intense, for in that 
case the colour is so deep that the globule usually 
appears opaque. Wolfram is completely reduced 
in a good, long continued reducing flame, and the 
green colour disappears, and is replaced by a per- 
manent feeble reddish tint. 

> Vaaquelin's analysis gave, tungstic acid 67, oxide of 
manganese 6*25^ oude of iron 18*10, silica 1*5. Jameson. 
Berzelius considers it a compound of 1 atom of tungstatc of 
manganese, (36 + 120) 156+3 atoms of tungstate of iron, 
(36 + 120 X 3) 468 = 624. C. 
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JFith soda, on platina foil, decomposes and falls 
to powder. The soda is coloured green by man- 
ganese on the edges. On charcoal it is easily re-* 
duced into an alloy of tungsten and iron, which 
may be separated from the charcoal by washings 
&c. 

Remark. — ^Wolfram sometimes de(»*^itates very 
strongly, and splits into thin leaves. In that case 
it is usually covered with an earthy, somewhat 
haid, yeUow coating, which might easily be mis. 
taken for tungstic add, but is in reality arse* 
niate of iron, and the wolfram, when acted on by 
the reducing flame, disengages a strong odour of 
arsenic. 

6. Cplumbite. 

{a). Columbite, from Kimito in Finland/ 

^lone, no change. 

TVith borajc dissolves slowly, but perfectly. 
The glass presents only the tint of ircm ; at a cer- 
tain point of saturation it tak^ by gaming a grey 
white colour, and when stiU farther saturated, it 
spontaneously becomes opaque on cooling. As long 
as it remains transparent its colour is pale bottle 
greeiv 

< According to Dr. Wollastati^s rnialysls it consists of 
oxide of columbium 85, oxide of iron 10, oxide of manga- 
nese, 4 ; and tibat from America^ of oxide of columbium SO, 
oxide of iron 15, oxide of manganese 5* PkU. Trans. 1809, 
Berzelius considers it as composed of 1 atcnn of columbate of 
manganese (36+152), 188+1 atom of columbate of iron 
36+152)188 = 376. C. 
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With salt of phosphorus it dissolves slowly, and 
has merely the colour indicative of iron. In the 
reducing fiamc the glass does not become red on 
cooling, wh^ee it is diear it contains no tungstic 
add. 

With soda^ on platina foil, the action of manga^ 
nese is evident. On charcoal if we add a little 
borax, which dissolves the columbiferous compound^ 
and prevents the reduction of the oxide of iron, we 
obtain, by the usual rediicii^ process, a small quan* 
tity of tin. 

(i). ColumbitCf from.Broddbo.^ 

AlonCy no change. 

With borax behaves likes the preceding. 

With satt of phosphorus dissolves slowly ; as- 
sumes in the oxidating flame the colour of iron, 
and, in the reducing, a red colour, which increases 
on cooling, and denotes tungsten* The addition 
of tin does not alter this colour, nor produce in the 
present instance the green colour, which pure 
tungsten gives in i^milar drcumstances. 

With soda, behaves like the preceding, but 



' By one analysis Berzelius found it to consist of oxide of co- 
lumbium 66'^, tungstic acid 5*78, oxide of tin 8*02, oxide of 
iron I0'64f, oxide of manganese 10*20. These ingredients 
varied a little in two other analyses^ which afforded nearly 2 
per cent, of lime. Phillips. By the formula^ Berzelius seems 
to consider it as composed of 1 compound atom of columbate 
of lime, and columbate of iron^ +3 compound atoms of co- 
lumbate of manganese and columbate of iron, +1 atom of 
wolfram^ and an atom of tin. C. 
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with soda and borax, in the reducing flame, gives a 
larger quantity of tin. 

(c). Columbite^ from Finbo. 

Behaves like that from Finland, but in the re* 
ducing experiment gives a considerable quantity 
of tin. The proportion of tin appears to be vari- 
able, and some specimens are obviously nothing 
else but columbiferous ores of tin. The presence 
of columbium in these ores is always detected by 
ihe glass which they give with borax, being more 
or less tinged by iron, and assuming the appear- 
ance of enamel hy flaming. 

{d). Columbite, from Bodenmais.^ 

AlonCj no change. 

With borax fuses into a black or very dark, 
almost opaque bottle green glass. It does not be- 
come opaque by flamingy till it has acquired so 
deep an iron tint as to be incapable of transmitting 
light. This serves to distinguish columbite with 
excess of base, from neutral columbite. 

With salt of phosphorus ftises slowly into a 
glass deeply coloured by iron, in which we can dis- 
cover no trace of tungsten. 

With soda, on platina foil, the action of manga- 
nese is evident ; with soda and borax^ we obtain 
by the reducing flame some traces of tin. 

' By the analysis of Vogel it consists of columbium 75, 
protoxide of iron VI, protoxide of manganese 5, oxide of tin 
I. Phillips, By Berzelius's formula it is composed of 1 
atom of sub-columbate of manganese +3 atoms of sub-co* 
lumbatc of iron. C. 
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' (e). Columbitej from Connecticut* (Haddaw.) 

With bora:^ behaves like the columbite from 
Bodenmais^ and with salt of phosphorus like that 
from Broddbo. It appears, therefore, to be a tung- 
steniferous columbite, with excess of base. 

' 7. Black mangankiesel, from lOapperud near 
Dal.^ 

Alone^ in the matrass, gives a large quantity of 
water free from acidity, and afterwards an empyreu- 
matic gas loaded with vapour, whilst the black 
colour of the assay changes to clear grey. Heated 
to redness, it intumesces, and its colour becomes 
still clearer. 

On charcoal intumesces, and fuses into a glass, 
which is bottle green in the reducing flame, but 
blackens, and assumes a metallic lustre in the oxi« 
dating. 

With borax fuses readily into a glass, which in 
the exterior flame is strongly tinged by manganese, 
and in the reducing flame receives a slight tint 
from protoxide of iron. 

tVith salt of phosphorus, fuses into a colourless 
glass, which becomes amethyst red in the exterior 
flame, and leaves a skeleton of sil^. 

With a small quantity, of soda ftises into a 
black glass ; a larger proportion of soda gives a 

> I have found this columbite in the large grained granite 
containing cymophane. Its gangue is albite, precisely like 
that from Finbo. B. 

» By the formula this is a hydrate of subsesqui silicate of 
manganese. C. 
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bkck seoriay and tbe Qm is absorbeij liy th? char- 
ooal. 

8. Red mangankiesel (Rubini^t), frooa, Lofig- 
banshytta, iu Wamaelanda^ 

Alone, in the matrass^ 90 chABga 

O^ charcoal iy> eiia]:ge til} it \^m to fbse, 
when it gives, in the reducing flame, a semi-tra^s*' 
parent glass of th^ 99Jm Qd^vf as the Dogineiral ; 
but in the oxidating flame, it forms a bla<;k glo- 
bule, with metallic brilliancy, whose colour may b^ 
made to disappear by the reducing flame. 

With bo7^ax9 im the reducing flam;e, readily fus^ 
into a colourless glass : in the oxidating into oiie 
of an amethyst colour. ^ 

Salt of phosphorus attacks it with difficulty. 
The result of its actipu is a skeleton of silica, 
and a colourless glass, which in the exterior flame 
assumes an amethyst colour. 

With a little soda fuses into a black glass ; a 
larger quantity of the flux forms a black scoria, of 
difficult fusion, and a still larger quantity causes 
it to pass into the charcoal- 

9. Pyrosmalite, from the iron mine at Nord- 
mark.* 

< Bisilicate of protoxide of manganese, by the formul^. C. 

* Analysis by Hisinger ; protoxide of iron 21^81 0, protox- 
ide of manganese 21*140, submuriate of iron 14*095, silica 
S5*850» lime 1*210, water and loss 5*895. PkiUips. By the 
formula, it consists of 1 atom of bisilicate of protoxide of 
manganese + 1 atom of bisilicate of protoxide of iron, m 
mechanical mixture, as Berzelius supposes, with 14 per cent, 
of submuriate of iron and water. C. 
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Alone, in the matrass, at fir^t gives it off water ; 
by increasing the heat, we obtain a yeUow sub- 
stance, {muriate of iron,) which dissolves into little 
drops of the same colour in the last portions of the 
water ; they redden litmus paper, and have an as- 
tringent flavour. 

On charcoal, with a gentle heat, pyroemaHte 
exhales a weak acid odour, fuses readily into a 
globule, with a brilliant smooth surface and kon 
grey colour. 

fVith boraa? fuses readily, and exhibits the cha- 
racteristic colours of iron. 

With salt of phosphorus the solution is more 
difficult, and the interior of the glass continues for 
a long time obscure ; at last the assay fuses and 
acquires the iron tint, leaving a skeleton of silica. 

With nitre it exhibits a strong tint of manga* 
nese. 

With soda, on platina foil, it presents the effects 
of manganese. On charcoal it gives a black glass, 
which, with a large quantity of soda, sinks into 
the charcoal. 

If we treat a morsel of pyrosmalite with solu- 
tion of oxide of copper in salt of phosphorus, the 
clear blue aureola, characteristic of muriatic acid, 
forms round the globule ; but the phenomenon is 
momentary. 

10. Silicate of manganese, fix)m Piemont* 

 See '^Nouveau Syst^me de Mineralogie,'* by Berzelius, 
Paris^ 1819, p. 277* B. In the note referred to is the re- 
sult of the analysis of this mineral by the author ; it gave him 
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Alone, in the matrass, no change in its appear- 
ance. 

On charcoal, in a very strong heat, fiises on the 
edges and preserves its grey hlack colour. 

PTith horax fuses readily. In the exterior 
flame it exhibits an amethyst colour, and in the 
interior a slight tint of protoxide of iron. 

In glass of phosphorus dissolves readily, effer- 
vesces, and develops a lively amethyst colour. In 
the reducing flame, the glass becomes colourless, 
presents internally a residuum of silica, uniformly 
difiused through the globule, and is very opaline 
on cooling. 

With soda no solution. 

11. Hydrate of manganese, crystallized from 
Undenas. Earthy hydrate (Wad), from various 
places. 

Alone, in the matrass, gives off abundance of 
water. 

On char coal J and with the fluxes, behaves like 
oxide of manganese. 

12. Kupfermangany from Schlackenwald. 

Alone, in fAewa^rc:^^, first gives off a large quan- 
tity of water, then decrepitates and splits to pieces,. 
The water is not add. 

silica 15*17, chesnut brown oxide of manganese (composed, 
according to Hisinger, of 1 atom of protoxide -|- 2 atoms of 
peroxide), 75*80, alumina 2*80, oxide of iron 4*14. He 
thinks its probable composition is that of a subsilicate, con- 
taining 3 atoms of peroxide of mapgane^e +1 atom of silicas* 
C. 
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On charcoal^ in the reducing flamje, becomes 
brown, but does not fuse. 

fVith boroiv dissolves readily, and assumes the 
manganese tint. In the reducing fl^ime it gives, a 
transparent colourless glass; which, becomes red and 
opaque on cooling. 

fVith salt of phosphorus fuses readily, and ex-? 
hibits. the same shades as with borax. If the co^ 
lourless glass, obtained by the reducing flame, be 
exposed for a nioment to the oxidating, it assumes 
the fine green tint of copper, and retains its trans- 
parency on cooling. If the oxidation be carried 
further, it acquires a bluish amethystine colour, 

fVith soda, no solution ; but,, if we add a little 
borax, we obtain very evident fused globules of 
copper* 

17. Cerium. 

1. Ftuate of cerium from Finbo, Broddbo, and 
Bastnas. 

{a.) Neutral fluate, from the two first places. 

Alone, in the matrass, gives off a little water. 
At the temperature at which glass begins to melt, 
a slight corrosive action is perceptible on the sub- 
stance of the matrass, at a little distance from the 
assay. The water colours brazil wood paper yellow, 
and the yellowish colour of the assay changes to 
white. 

In the open tube, ' the flame being thrown into 
the tube, its sides are acted on and rendered opaque 
by the silica which is deposited on them. The water 

p 
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condensed in the tube yellows brazil wood paper. 
The assay becomes yellow brown. 

Oft charcoal does not fiise ; the colour of the 
tnMeral merely turns a little brown. 

ff^ith bof^a^f and salt of phosphorus^ the effects 
are the same as those of oxide of oaium. (See 
page 100.) 

With soda^ltmie of oeiium splits and iutumesces, 
but does noHiu^ ; the soda is absorbed by the char* 
coal, and leaT«i& a grey masg on the 'surface. 

{b.) Ftuate with e^vcess of base, from Finbo. 

Alone, in the matrass, gives off water, and its 
colour becomes l»own. 

On charcoal, changes cdour on being heated, 
atid appears bkdc at a temp^ature bordering on 
incipient redness ; but, on cooling, it becomes dark 
brown, then fine red, and lastly orange. This 
change of colour at once distinguishes it from the 
neutral fluate, which does not oflSsr the ssame pheno- 
menon. It is infusible. In other respects it be- 
haves with, the fluxes like the preceding, except 
that its cohei^on is not destroyed by soda, and that 
it remains entire, at least if the blast be not too 
strong, nor too long continued. 

(c.) Fluate of cerium, from Bastnas (not m yti 
analysed). 

Alone, in the matrass, gives oS a little moich 
ture, without any change in its appearance. 

On charcoal dwA not frise ; tuifis opaque at a low 
heat ; becomes by the five rather darker, and presents 
the same changes of tcibmr as ike preceding. 
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In the open tube^ w4^F tl^ immediate action 
of the flame, it gives very decided indications of 
fluoric acid. 

With borax, and salt of phosphorus, like the 
preceding. 

fFith soda, natji^ loses its ediesion, intumesces, 
nor dissolves. 

Remark. — ^This mini^ appeffics to be a subsalt, 
with parhaps a slighter excess of base than in the 
preceding. 

2. Ceriie, from Bastnas, near Riddarhytta.^ 

Alone, in the matrass, gives off water, and be^ 
eomes perfectly opa^pie. 

On charcoal spUts here and there, but does not 
fuse. 

ff^th borax the solution is effected slowly. In 
the oxidating flame we obtain a deep orange coloured 
glass, whose tiint gets clearer on cooling, and at last 
becomes dear ydlow ; hyjiaming, the glass assumes 
llie appearance of white enamel^ and a slight iron 
tint in tiie redudng flame. 

Salt of phosphorus combines witii t^ oxide of 
cerium, and develc^es its distinguishing colours. 
The glass is colourkss when cold, and the siKca 
remains suspended in it, in ^he form of a white 
opaque skeleton. 

With soda does not dissolve, but fuses imperfectiy 
into an orange colour^ scoriaceous mass. 

* Vauquelin's analysis gave oxide of cerium 67, sflica 17, 
oxide of iron 2, lime ^, waUsr and ci^bonic acid 12. Jameson. 
Acpording to tbe foriQula* B^rzelia^ con8ider3 it as a silicate 
of protoxide of cerium, composed of 3 atoms of base +2 pf 
silica, wltii 6 atoms of water. C. 

P 2 
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DIVISION II. 

METALS NOT RED^CIiLE BT CHARCOAL, AND WHOSE 
OXIDES CORM EARTHS AND ALKAJLIES. 

/ 

1. Zirconium. 

. Zircon BXid hyacinth, from Ceylon, Finbo, Fred- 
riksvarn, and Expailly. 

Alone, colourless, transparent zircon suffers no 
change. The red transparent ziicon (hyacinth) 
loses its colour, and becomes either perfectly limpid, 
or very slightly yellow. The brown opaque zircon 
from Fredriksvam loses its colour and becomes 
white, and like glass that is fiill o^r^ks (fendilld). 
The blackish zircon from Finbo gives off a little 
moisture, becomes milk white, and has an effloresced 
appearance. None of these varieties are ftisible, 
either in powder or thin laminae.^ 

TVith borax zircon fuses readily into a diaphanous 
glass, which, at a certain point of saturation, is ca- 
pable of becoming opaque by flaming, and when 
stiU further saturated, becomes obscure spontane- 
ously on cooling. 

Salt of phosphorus does not attack zircon. A 
fragment submitted to its action retains all the 
sharpness of its edges ; and even when the assay 
has been previously pulverised, we cannot discover 
any effect of the flux. The glass remains perfectly 
colourless (or milky white, if the assay be pulverised), 
both in the oxidating and reducing flame, so that 



I M 



Exposed to the powerful heat oi the gas bltmpipe zirpon 
becomes first opaque, and of a white colour ; afterwards, its 
superficies undergoes a partial fusion, and exhibits a iiohitt 
opaque enamel, resetahWng porcelain,** (Clarke.) C. 
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no trace of titanium which Chevrenl found in the 

zircon of Ceylon, and John in that from Norway^ 

is perceptible,* 

Soda does not dissolve it ; it attacks it slightly 

on the edges, and then penetrates into the charcoal. 

On platina foil most of the zircons give traces of 

manganese. 

. 2. Aluminium, 

1. Telesia: Ruby. Sapphire. Corundum. 
Alone no change, whether in fragment or powder.* 
ff^ith boraV'fvises slowly, but . perfectly, into a 

transparent colourless glass, which cannot be made 

opaque by flaming. 

> In examining those rolled grains, similar to hyacinth, 
which we meet with in collections under the name of Adel^ 
^temgrus (gem gravel), the greatest part of which is spinel, I 
found some that had every appearance of hyacinths, which 
dissolved in part in salt of phosphorus, and then exhibited a 
slight tint of titanium. It is possible that a mixture of this 
kind of grains^ with the zircon of Ceylon, may have led to the 
idea, that that mineral contains titanium. With respect to 
John's result, it is clear from his own description, that what 
he took for titanium was not that substance. 

To obtain lircon from the gem sands of Ceylon, it may 
perhaps be necessary first to heat the zircons and hyacinths 
to redness, and then to select the colourless grains, for those 
which retain their colour are spinels, essonites, or pyropes« B. 

^ By the gas blowpipe. Dr. Clarke fused two rubies into 
one bead ; they lost their red colour in the operation. Pure 
crystallized blue sapphire was also fused, ** and exhibited, 
during fusion, the singular appearance of greenish glass bal- 
loons, swelling out in grotesque forms, which remained fixed 
when the mineral became cool." Common corundum fused, 
but with difficulty, into a greenish translucid glass; the fusion 
was attended with a slightly coloured greenish fiahie. See 
Gas Blowpipe, p. 54, et seq. C. 
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fFitk salt of phosphorus fuseB slowly (it nliwt 
be in poin^et) and gradually into a transparent 
glass. If more of the assay have been added than 
1^ fliix can dissolve^ the undissolved portion does 
dot, as with the silicates, beoome transparent ; nor 
does the glass beeome opaline, either by cooling or 
by the action of the exterior flame. 

PTith soday no aetion, nor appearance of fiision. 

With solution of tobult we obtain h dark blue ; 
the more perfectly the assay has been pulverised, 
the stronger the heat, and the better it is kept 
lip, the finer is the colour, for the oxide of cobalt 
acts with considerable difficulty on alumina in this 
state. 

S. Aluminitey alumina from Halle.^ 

Alone^ in the matrass^ gives off a great deal of 
water, and, at incipient redness, sulphurous acid, 
distinguishable by its odour, and by its action on 
moistened braril wood paper. 

On charcoal, atid Ivith the fluxes ^ it behaves 
like alumina. I'he aluminite, from Newhaven, 
deposits some flakes of silica in its solution by 
phosphoric acid. 

With solution of cobalt we obtain a bright blue 
colour, pleasant to the eye. 

8. Wavellite, 6:0m Barnstaple, Annaberg in the 
Paktinate, and from Bohemia.^ 



y Subsulphate of alumina, with water. C* 

^ Berzelius' very masleriy anaiysts of this mineral gave him, 
alumina 35*35, phosphoric acid 33*40, fluoric acid 2*06, linke 
0*50, oxides of iron and manganese 1 '25, water 26*80. tit 
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AlonCi in the matrass^ giyes off wat^r, the last 
drops of which are add, have a gelatinous consist* 
ence, in consequence of the silica they contain, and 
colour brazil wood paper yellow. When evaporated 
they leave a deposit of silica on the glass, which 
disturbs its transparency. Little circles of silica 
form above the assay during ignition. 

On charcoal it intumesces, loses its crystalUne 
form, and becomes snow white. 

tVith boraa^i salt of phosphorus^ soda, and selU' 
Hon of cobalt, it behaves like aluminite. 

Treated with boracic acid 4ind iron, in the 
manner described p. 129, it gives a fused regulus 
of phoi^huret of iron. 

4. Lazulite. Blue feldspar, from Krieglach/ 
Hiosphate of alumina in an unknown degree of 
saturation, mixed with phosphate of magnesia and 
phosphate of protoxide of iron. 

Alone, in the matrass, gives off water, and loses 
its colour. 

On charcoal intumesces, and, at the point where 
the heat is greatest, assmnes a vitreous, blebby 

aspect ; does not fuse. 

» 

considers it to be a subphosphate of alumina with water^ pro- 
bably mechanically mixed with a small quantity of neutral 
fluate of alumina. Nouveau Systeme, p. 278. C. 

 The blue mineral from Vorau differs a little from this in 

the phenomena it exhibits. It intumesces much more, and 

falls to pieces ; gvoes no appearance of fusion, nor any blue 

colour with solution of cobalt, till after having entered into 

ftisio^i (literal) ; the blue it gives then is sensibly reddish. B. 
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PVith borax fuses into a transparent colourless 
glass. 

JVith salt of phosphorus^ first becomes transpa* 
rent on the edges, and gradually fuses entirely into 
a colourless diaphanous glass. 

With soda intumesces, but neither dissolves nor 
fuses. 

With boracic acid and iron gives phosphuret of 
iron. 

With solution of cobalt produces a fine blue 
colour. 

5. Cala'ite, Persian turquoise. A mixture of 
phosphate of alumina with phosphate of lime and 
silica, coloured green, or bluish green, by carbonate 
and hydrate of coj^er.^ 

AlonCy in the matrass^ gives off a little water, 
and decrepitates with much violence, even though 
very slowly heated. The water has no effect on 
litmus paper. After splitting, the assay is black. 

On charcoal, or in the forceps, becomes brown 
in the interior flame, and tinges its point green. 
Does not fuse, but assumes a vitreous appearance 

' In these experiments I used a mamellary blue turquoise, 
and a green turquoise; the latter was given me by the Hon. 
Mr. Strangways^ as a specimen of the true cala'ite, and exactly 
answers its description. It is a thin lamina covered on both 
sides with a grey argillaceous substance. Observing that it 
gave the characteristic indications of phosphoric acid^ before 
the blowpipe, I analysed it in the humid way, and found in it 
phosphate of alumina, phosphate of lime, silica, oxide of iron, 
and oxide of copper. Consequently, John was mistaken in 
calling calaite a hydrate of silica. 13. ' 
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on the surface, at the point where the heat acted 
most powerfully. 

With borax dissolves readily into a limpid glass, 
which exhibits the tint indicative of iron whilst 
hot, and assumes, when cold, a slight copper green 
tinge, if it has been exposed to the exterior flame ; 
or, becomes red and opaque, if to the interior, 
especially if tin has been employed.- 

With salt of phosphorus fuses easily and per- 
fectly into a transparent glass, which exhibits the 
same alternations of colour as the glass with borax. 

With a small quantity of soda, at first intu- 
mesces^ and then slowly fuses into a semi-transpa- 
rent glass, coloured by iron. With a larger quan- 
tity of soda it becomes infusible ; if we add still 
more soda, we obtain a considerable portion of 
copper in the reducing flame. 

With boracic acid and iron we obtain a regulus 
of phosphuret of iron. 

6. Topaz.^ 

AlonCy in the matrass^ no change, nor trace of 
fluoric acid. 

On charcoal does not fuse.^ The yellow topaz. 



I Vauquelin's analysis of Brazilian topaz gave him, silica 
29, alumina 50, fluoric acid 19, loss 2. Jameson* Berzelius 
considers it to be composed of J atom of sub-iluate of alu- 
mina +3 atoms of silicate of alumina. Klaproth's analysis 
gave much more silica than Vanquelin's. C. 

* By ^he gas blowpipe, Dr. Clarke fused topaz into a white 
enamel, covered with minute limpid glass bubbles. Gas 
Blo^ipe, p. 59. €• 
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by a low degree of igiuti(m, becomes pale rose 
colour, in consequence of the conversion of the 
hydrate of iron into paroxide. This topaz, as weU 
as the eolaurless limpid variety, retains its trans^ 
parency. In a very ^sitrong heat, the longitudinal 
&oea of the eryrtal ai:e covered with numerous 
small white bubbles, which give them a frosted 
appearance, but are not easUy discerned without 
the microscope; they are not perceptible on the 
lamellar surface of the transverse section. These 
little bubbles are not so distinct in the opaque 
topaz from Finbo and Brodbo, but they may be 
enlarged by a good heat to a certain extent, be- 
yond whidi they usually burst. A very high tern* 
perature is requisite to produce this ^ect, and the 
experiment succeeds only with small fragments. 

fFith borax fuses slowly into a transparent glass. 
The limpid t<^z becomes white and opaque before 
it dissolves. 

With salt of phosphorus dissolves slowly, and 
leaves a silica skeleton ; the globule is transparent^ 
and becomes opaline on cooling. 

fVith u small quantity of soda it is converted 
by laborious solution into a colourless, semi-trans- 
parent, blebby scoria. With a larger quantity of 
soda, it swells up and becomes infusible* 

tVith solution of cobalt it gives a blue colour, 
impure and unpleasant to the eye. 

7. PycnitCy from Altenberg.* 

^ Composed of 1 atom of fluate of altitnina +3 atoms of sili- 
cate of alumina. Dr. Clarke fused it into u snovi^ white enamel. 
C. 3 



Behityes like topaz, except thi^ when heated by 
itself, the bubbles are produced more easily and in 
larger quantity. 

8. Disthene, from St. Gothiud, and Norway 
(Cyanite, Sappare), and Rho&tizite^ firom the Tyrol.* 

Atone^ no change at a red heat ; in a v^ strong 
heat, whitens without fuidng ; even its powder is 
infusible. " Rhoetiaite becomes red at a low heat, 
but in a more intense one it turns white. 

With borax fiises slowly, but perfectly, into a 
transparent colourless glass. 

With salt of phosphorus dissolves in part, and 
leaves a blebby, semi-transparent siUca skeleton. 
The globule does not become very sensibly opaline 
by cooling. 

With a small quantity of soda fiises imperfectly 
into a blebby, semi*transparent, rounded mass. If 
fused in the exterior flame, the assay assumes a 
pale rose colour, and becomes transparent in the 
coloured part. Exposed to an intense heat in the 
interior flame, this colour disappears, and cannot 
be reproduced by the exteriw flame. It is deve- 
loped better on the platina wire than on charcoal, 
by means of a pretty large quantity of soda, for the 
charcoal absorbs the soda before it can act on the 
assay. The red colour ismueh more apparent in 
the cyanite from St. Gothard than in that firom 
Norway; the glass formed with the rhoetizite 
merely becomes yellowish. A larger proportion of 

I A subsilicate of alamina. Before the flame of the gas 
blowpipe, disthene fused readily into a snow white frotiiy 
enamel. Clarkf, C. 
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soda causes the assay to intumesce, and renders it 
infusible. 

IVith solution of cobalt, in a strong heat, it 
assumes a fine de^ blue colour* 

9. Nepheline (primitive), from Vesuvius.* 
Aloncj on charcoal, its edges become rounded, 

without any sensible intumescence; cannot be fused 
into a globule, but gives a blebby, colourless glass. 

fVith borax fuses slowly, and without effer- 
vescence, into a transparent colourless glass. 

fVith salt of phosphorus dissolves without effer- 
vescence, and leaves a silica skeleton. The glass 
globule becomes opaline on cooling. 

With soda, at first intumesces, then fuses into a 
blebby colourless glass. 

fVith solution of cobalt the unfused portion of 
the pulverulent mass has a greenish grey colour ; 
the fused edges are grey blue. 

Remark. — It is evident from these experiments 
that cyanite and nepheline differ in their composi- 
tion» although the analysis of the first by Klaproth, 
and that of the second by Vauquelin, give nearly 
the same result. 

10. Finite f from St. Pardon, in Auvergne, and 
from Greenland.^ 



> According to the mmeralogical formula annexed, it 
consisis of 1 atom of silicate of soda +3 atoms of silicate of 
alumina. C. 

^ The last was given me by M. Haiiy. It is crystallised 
in the form of a hexabedral prism, and purer than the former. 
Finite may, in general^ be said to behave like fusible crystal* 
lized alumina. B. 
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Akme, in thernatrass, gives off a little water, 
without any change in its appearance. 

On charcoal whitens, and fuses on the edges 
into a white blehby glass. The piaite from Au- 
vergne becomes covered with coloured spots. The 
most femiginotts variety sometimes fuses readily 
into a black glass. 

fFitk borajc the solution is extremely difficult, 
even if the assay be pulverised. The result is a 
transparent glass fitintly tmged with iron. 

Salt of phosphorus has no visible action on a 
fragment of the Auvergne pinite, but the bead ex- 
hibits a tint of iron as long as it is hot. When 
pulverised, it is decomposed by a prolonged heat, 
and leaves a residuum of silica. The glass becomes 
opaline on cooling. The pinite from Greenland is 
more easily decomposed by salt of phosphorus ; m 
other respects its glass exhibits the same properties. 

JVith soda dissolves slowly into an opaque glass, 
slightly coloured by oxide of iron, and of difficult 
fusion. 

11. Fahlunite^ from the mine of Eric-Matts, at 
Fahlun. 

AUmcy in the matrass, gives off water free from 
acidity. 

On charcoal whitens and fuses on the edges 
into a white blebby glass. 

IVith borax ftises slowly into a glass slightly 
coloured by iron. 

fFith salt of phosphorus decomposes, and leaves 
a skeleton of silica ; the glass is transparent, and 
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ting6d by iron whibt hot, but becomes opaline 
and colourless mi corib^* 

IVith soda does not di8iolYe» but assumes the 
appeaianoe of sGoria, and beoomoi ifaiged of a yA^ 
kmish oDlour. 

ISL J//ojl£a»e» fitnn Saxony^ aad; Thuriugia. 

Alone, in the matrass, gives off slightly aeid 
water, and beeoimea spcriiikkd frith blaek spots. 
The substanee is peseeived te be hetea^eneoiifi^ and 
traversed, by white testaceous, lantiuas^ whicji avo 
not oolvuDed. 

On charcoal, or » ^//e/i^rce/tf, it does not fiase, 
but intuniescesy and readily Mh to powder, and 
indicates tiie preaenoe of copper, by the green eo<- 
hmr it imparts to the flaine. 

WUh borax fiises very slowly into a colourless 
glass, which in the interior flame assumes a pale 
red tini, and with the he]p of a Uttle tin, a dark 
red odduir, firosn protoxide of copper. 

Salt of phosphorus readSIy decomposes allophane, 
leaves a silica skeleton, and exhibits slight tints 
of the ccdours indicative of copper. Tin colours 
the glass red. 

Soda does not dissolve h\ the assay becomes 
green in the oxidating flame, and red in the re- 
ducing. By the additiw <tf b(a:ax, we may esptract 
globules of metallic copper. 

13. Carpholite, from ScUadoeniwald, in Bo- 
hemia. 

Alone, in the matrass, gives off water, whicb, by 
igmting the assay, is acid, attacks the £^8s, and 
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yellows braxil wood paper. The sides of the ma- 
trass are oevered heo'e and there with silica, depo* 
sited bjr the fluoric add. 

On charcoal first intumesces, tiien whitens^, and 
ftises dowfy imio a brown opaque ^ass, whidi be- 
comes much darker in the eodbecioir flame than in 
ilie intaior. 

Pf^th io^if foses into a tnrniegpavent glafis, whkii 
assumes file eolour of manganese in the exterior 
iBame^ and becomes greenish in ti» interior. 

Wink Hdt of phosphorus intumesoes, and kaires 
a glassy dcoMon of silica, which, contrary to its 
usual habit, ^solves with the gveatest eafie into a 
transparatift glass, that beoomesr irery opaline on 
cooUng. In the oxidating flan^ it assinnes a sen- 
sible amethystine colour. 

With soda does nc^ ditssoh^ on ckarcoaL The 
assay intumesces, and assumes a fine green colour. 
On pkttina foil, on the contrary, it dissolves in a 
sufficient quantity of soda, and forms a dark green 
ma«s easily fusible. 

With solution of cobalt assumes a rather impure 
dark ^skxe colour. 

With boraeic acid md iron exhibits no trace 
of phosphoric add. 

14. Staurotidcr horn Saint Gothard.^ 

' KJaproth made two analyses of this mioeral, in which the 
proportions of the alumina and silica are sufficiently discor- 
dant. In one the alumina is stated as 52*25 per cent., in the 
other as 41 ; and the silica in the former as 27, in the latter 
37-5. The oxide of iron is very nearly the same in both, 
18'25. Jameson. From one of these analyses, which he 
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Alone^ in fragment, infuaible, and suffers no 
change, except that its colour becomes barker, and 
almost black. In powder it &ses on the edges 
into a blade scoria. 

With borax fuses slowly into a traaspareat dark 
green glass, coloured by protoxide of iron* 

With salt of phosphorus^ unless the assay be iti 
powder, the Aision proceeds extremely slowly. Little 
or no silica is left in the solid form ; the glass whilst 
still warm is transparent, and yellomsh green» but 
becomes opaline and loses its colour on cooMngw. . 

Soda does not dissolve it, but combines with it 
with effervescence, and forms a yellow scoria. 

With solution of cobalt it does not become per*- 
fectly blue, but the fiised parts assume a dark co- 
lour, inclining to dirty blue. 

15. Almandine, argillaceous^ garnet^ 

Alone, becomes brown by heat, but recovers its 
natural colour on cooling ; fuses without the s%ht- 
est intumescence into a black globule, with an un- 
polished, metallic surface, and appearing as if 
covered with a pellicle of reduced iron. Whilst 
cooling, a cavity forms somewhere on the globule, 
from the contraction of its parts. Its fracture is 
vitreous. 

With boraa; fuses very slowly into a dark glass 

alludes to in the Nouveau Syt^me, Berzelius calculates the 
composition of Staurotide, which, from the formula, he con- 
siders as composed of 1 atom of suh-silicate of iron + 6 
atoms of sub-silicate of alumina. C. 

» By the formula, composed of 1 atom of silicate of iron 
+ 1 atom of silicate of alumina. C. 
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tinged by iron. The solid nucleus inclosed in the 
glass appears dark. 

Salt of phosphorus decomposes it, occasions in- 
tumescence, and the formation of a skeleton which 
at first is white, spotted with black, but becomes 
<K)lourless by a prolonged blast 

As long as the skeleton retains its cohesion, 
the glass is transparent after cooling ; but if we 
eontinue to How till it fuses, the globule becomes 
topaline on cooling. 

By soda, almandine is decomposed, and intu- 
mesces, then fuses into a black globule with a 
metallic lustre. An increased quantity of soda does 
not diminish its fusibility. On platina foil, we dis- 
cover traces of manganese. 

16. Garnet 9 from Finbo.^ 

Alone, on charcoal, behaves like tl^ preceding, 
except that the surface of the fused gbbule is me- 
tallic only in some places. 

fFith boras fuses like almandine, l)ut in the 
oxidating flame, the saturated glass assumes the 
eolour of amethyst. 

fFith salt of phosphorus behaves like alman- 
dine. 

Soda decomposes it ; ^th . s«Hdl quantity of 
that flux it fuses slowly into a. Mack globule; a 
larger dose lessens its &sibility, and at last entirely 

' Its composition, by the formula, is supposed to be 1 atom 
of bisilicate of prbtoxide of iron + 1 atom of silicate of 
protoxide of manganese + 2 atoms of silicate of alumina. 
C. 
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destroys it. On platina fcnl it c?xhibits the eflfeets 
of manganese very distinctly. 

17. Garnet 9 from Broddbo/ 

Alone, fuses with slight bubUing into a black 
globule, whose whde surface shines with vitreous 
brilliancy.^ 

fVith boras behaves like the preceding. ^ 

With salt of phosphorus also like the preced- 
ing ; but the globule does not so readily becra[Le 
(^aline on cooUng. 

With soda J like the preceding. 

18. Diaspore.^ 

> The formula states its composition as I atom of bisilicate 
of protoxide of iron + 2 atoms of silicate of protoKide of 
manganese + 2 atoms of silicate of alumina. C. 

^ The aluminiferous garnets (lergranaterjf appear to be 
double silicates of alumina, and one of the four bases, pro- 
toxide of iron, protoxide of manganese, magnesia, and lime; 
sometimes of two of them, oir even of all together. If the prOi« 
toxide of iron predominate, the garnet is covered, after 
fusion, with a pellicle of reduced iron ; but in proportion as 
It contains a larger quantity of the other bases, the iron 
coating is thinner, and disappears, and the surface of the 
globule becomes vitreous. In this way we can, by the blow-* 
pipe distinguish the calcareous garnet (aplome), from the 
garnet containing protoxide of iron (almandiiie). The gar- 
nets, Nos. 16 and l?* are mixtiitres of garnet with protoxide 
of iron, and garnet with protoxide of manganese. B. 

3 This mineral ts as yet known only by an unique specimen 
which M. Le Lievre met with at a dealer's. M. Haiiy, who 
has described it, had the'goodness to give me a small piece of 
this substaxKse, for experiment, taken from the specimen he 
received from M./Le Lievre. According to Vauquelin's 
analysis, it must be a hydrate of alumina ; but the effects I 
obtained, show that it contains, besides, an alcalinc element. 

7 
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Aiane^ in the matrass^ decreiHtates violently, and 
splits into small ivhite brilliant scales. During^ \ 

the decrepitation it gives off but little water, but: 
when it is nearly red hot, it affords a pretty large 
quantity ; hence it retains the water with consider^ 
able force, resembling in that respect most of the 
hydrates. If after we have heated the scaly frag- 
ments of the assay to slight redness, we place them 
on reddened litmus, or brazdl wood paper, moisten- 
ed with water, each scale forms a blue stain w the. 
spot where it lay, and around it. 

On charcoal the small scales are infusible. 

With borax the scales fuse readily into a colour- 
less glass, which does not become opaque hy flaming. 

With mlt of phosphorus they fuse pretty rea- 
dily into a colourless glass, without any siliceous 
residuum. 

Soda has no action on them. 

With boracic acid and iron they give no indi-^ 
cations of phosphoric acid. 

With solution of cobalt they assume a fine blue 
colour. 

19. Clays. 

(a.) Fullers' earth, from England. 

jHone, in the matrass, gives off water, and be- 
comes clear at first, but afterwards turns brown, 
and exhales an empyreumatic odour. The disen- 
gaged water acts feebly like solutiou of ammonia. 

B. Yauquelin's analysis gave, alumina 80, water 17, iron 
0*S. Phillips. There is a small specimen of this very rare 
substance in the British Museum. C, 

Q 2 
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On charcoal it crackles, and even splits mth 
violence, unless Tery gradually heated. By a con- 
tinued heat it ivhitens, and fuses into s, white 
blebby glass. 

Borax dissolves it slowly, so that the last 7K)r- 
lions requke for the fusion a prolonged bhist. The 
glass is transparent and colourless. 
' With mU of phosphorus it fuses, leaving a 
silica skeleton, into a transparent glass, which, 
after a brisk bla&t, becomes opaline on cooling. 

fVith soda fuses into a glass globule of a bottle 
green colour* 

With solation of cobalt it blackens: 

{b.) Cologne clay. 

Alone, in the matrass, it gives off water like the 
preceding, but -the water is not alcaline. 

On charcoal^ or rather in the forceps, it must 
be heated gradually if we wish to prevent its split- 
ting ; it then fuses in the thin parts with a strong 
heat into a white glass. 

 fVitk borax^ salt of phosphorus, and soda, be- 
haves like' the preceding. 

JVith solution of cobalt, it gives an impure blue. 

\(c.) Stourbridge clay, clay from Rouen, and 
from the coal mines of H6ganfis ; commonly called 
apyrous clays} 
' In the matrass they behave like the preceding. 

I Trisilicates of alumina. The formula is calculated from 
Mr. Sefstrom's aoalysis of the clays from Stourbridge, and 
Helsinborg, in the Annales du Bureau des Fers, (Jcrn->con- 
toirets Annaler), for the year 1820. B. 
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On charcoal, vdth a gentle heat, they loise their 
deep broiim colour, and become white. By a strong 
heat they are converted, in the thin parts into a 
eolourless glass having the appearance of a scoria, 
but do not fuse into a globule. 

JVith borax and salt of phosphorus they belmve 
like the preceding.. 

With soda they^< fiise into a trans^^arent glass,» 
slightly coloured by iron. 

With solution of cobalt we obtain a pale blue. 

.» 
3. Yttrium. 

1. FlUate ofyttria and ceriiimi&cfm Mnbo. A 
mechanical mixture of fluate of yttria, and fluate of 
cerium, with silica, either in the state of silicated 
fluoric add, or as a mechanical aggregate. 

It bdiaves like the neutral fluate of cerium 
(p. 209)) except that we may add a large quantity 
cf it to:, the glass- of borax, before it acquires the 
property of becoming opaque by flaming. The 
most . siliceous^ earthy fluates give with soda a oou 
h^^t scoriaceous mass, on which a further addih 
tdon of soda produces no change. 

2. Yttro^columbite, from Ytterby,' and* Mnbix 
Btach and yelloWy a mechanical mixtinre^of sub- 
columbate of yttria, with small quantities (mF the 
sulMiolumbates of lime and uranium, and some, 
times with columbite and tungsten. Dark yttn^ 
oplumbite, a tri*-sub-columbate of yttra^ mixed ;with 
the same substances; 

Alone J in the matrass, gives ofi* water, and the 
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Uack variety beeoitaefl yellow ; isome speoiineas be- 
come spotted^ from containing black partides tin- 
. alterable by the heat. In a red heat it whitens, 
. and the substance of the miatrass dbove thi9 assay 
is acted on ; the water, which* is disengaged at the 
sametime^ at first turns brasil wood paper yeHow, 
and then bleaches it. 

ff^ith ^oroT) ; frises into an almost colourless 
glass, which, in a certainittate of saturation, niay 
be made opaque by flaming, and wheii stall more 
saturated, becomes opaque spontaneously. 

fVith salt of phosphorus at first is decomposed; 
the oxide of coimnhium retains the solid state» 
in the form of a white skeleton, but is fiisiUe 
by a. prdoniged blast. The black yttro-crinm- 
bite, from Ytterby, gives a glass which, after 
iQxposute to a good reducing flame, acquires on 
ecioling a slight rose colour frcan the presence of 
'a Certain quantity of tungsten. The dark and 
•yellow vadeties from Ytterby assume on cooling 
41 fine pale green tint, from a portion of uranium 
>which they, contain. In the j^troHGcdumbitfe from 
Finbo, and Korarf, the efiect of the nramum is coo- 
.eebled by a very intense cblout deidved froni irbn. 

' With soda decomposes without dissolving. On 
plat ina foil the effect of mangaikdse iis vidbla By 
jfeduction with soda and ' borax yfe obtain from 
some* varieties, particles of tih^ but that from 
Fihbb cdntaiais so much iron, that the tin caamot 
be perceived. 
: ' 8. • Ga^Utimte A silicate of yttria. 
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' (a.) Gddolinidf from Ktoarf. A mixture of 
gftdolinite with small quantities of bisilieate of lim^^ 
and the silicates of protoxide of manganese, ce- 
rium and iron, and silicate of gludne/ 

Aione, in the matrass^ giVes off a little w^tfer. 
' On charcoal whitens, and, in a good flatne, ftiseii 
quietly into a dark or reddish pearl grey glass. 
' ' With borda^ fases readily into a transparent 
glass, very slightly coloured by iron. If we sdtu* 
rate the vitreous globule, it becomies opaque, crys- 
tallizes on ceding, and assumes a ^ey colour in- 
clining to red or green, according fo the degree of 
oxidal^on of the iron ; but it does iiot, like pure 
yttria, acquire the opacity of enamel. 

With saitofphosphoruSy fuses, except a silica 
skeleton, iiito an almost colourless glass, which 
becomes opaline on cooling. 

With soda fiises slowly into a red grey scoria. 
' • On platina fml the effect of mtoganese is pro* 
duced, 

{bi) Gadolinitc, from Ytterby, Broddbo, and 
Vinbo, vitreous gadolinite.^ 

^ The speciinen us^d in these ext>eninenits was of the 
pfirest species, with a yellow granular fracture. The other 
species oflen contain a nucleus of vitreous gadolinite, and 
when we assay this natural mixture by the blowpipe, we ob- 
tain complicated effects^ from the blending together of the 
. re-actions^ of the two species. B. 

^ By the formula, csJculated from his own analysis, Berze- 
lius considerts its composition as, 4 atoms of silicate of yttria 
4- 1 atom of sub-silicate of cerium + 1 atom of sub-silicate 
of protoxide of iron. Klaproth's analysis of gadolinite gave 
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These gadplinites are of two species, one {a) hu * 
a perfect resemhlanoe to a piece of blaek glass ; the 
other {b) has a more splintery, and a narrower 
conchoidal fracture.^ 

(aJ) Jlone, in the matrass, no change ; gives off 
no moisture If we heat the matrass till it b^ins to 
fuse, at a certain moment the assay suddenly shines 
as if it had taken fire ; at the same time it dilates 
a little, and if it be of larger dunensions than 
usual, it splits here and there, and becomes dear 
green^grey. Nothing volatfle is given off. 

On charcoal the same phenomenon occurs ; H 
does not fuse, but the thinnest partiTblacken in a 
strong heat. 

(L) AlonCf intumesces, throws out cauliflower*^ 
like ratifications, and becomes white, giving oflf 
moisture. It rarely presents an appearance some^ 
what similar to. the species of ignition mentioned 
above. With respect to the fluxes, both gadolinitea. 
behave alike* 

ly'ith borax they fuse readily into a dark glasS» 
strongly coloured by iron, which in the reducing 
flame becomes deep bottle green. 

With salt of phosphorus fuse with extreme dif- 
ficulty. The glass assumes an iron tint, and the 
fragment becomes rounded on the edges, but re-- 

5' 5 per cent of glucina, and makea no mention of cerium- L 
C. 

' The most vitreous of the two contains no trace of glii* 
cine. It probably was from the one which breaks into sph'n** 
ters, that Ekeberg obtained ^ per cent of that earth. B. 
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mains white and opaque» so that the phosf^rio 
add does not in this instance efifect the separation 
of the silica ; it is principally by this character that 
the gadolinites, a and b, are distinguished from 
that &(m KorarC 

fFith soda the variety, a, (Ranges into a semi? 
fused brown-red scoria. The variety, i, fuses i|ito 
a globule, if the quantity of $ux be not too gteat. 
On platina foil neither of them gives the l^jast in« 
dieation of ikiaiiganese. . . 

4. Glucinium. 

• - • . , • 

1 . Emeraldi BeryV 

Alone J no change with a' gentle heat. , A thift 
scale, with a long continued strong heat, becomes 
rounded on the edgeir, and forms a blebby colour- 
less scoria. The transparent species turns miQc 
white where the heat was strongest. 

With] horax fuses into a transparent colouriesti 
glass. The chrome green emerald gives a glass, 
which on cooling assumes a light green tinge, pure 
and pleasant to the eye. 

JVith salt of phosphorus dissolves slowly, with- 
out any siliceous residuum. The assay does not 
change its appearance, but continually diminishes 
in size, and at last fuses into a globule, which be« 

I By the formula, calculated from his own analysis, Berze- 
lius states it to be composed of 1 atom of quadri-silicate of 
glucina + 2 atoms of bi-silicate of alumina. C. 
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oomes Qpaline on coding. The dir<me green 
emerald gives a green glass. 

frith soda fuses into a transparent colourless 
glass. The yellowish em^nld, inrith a granular frac- 
ture from Broddbo, and Finbo, gives in the redudng 
expmment ievident ixBloeu ;of tin. ^ 

Pf^th solution af eobdlt gitGS an -impure very 
dightly bluish tolour* ' 

2- Ikiclase.^ 

Alone, not changed by slight ignition. In a 
stronger heat, intumesces, whitens and throws out 
ramifications ; at last* in a very intense heat, it 
W ™. the .age, into a wMteW 

JVith borax intumesce.$, nfpttih alight e^er- 
^6d^i]tee, 9904 whites ; then frises i^^;wly i^l^ ^ 
tewq^atent colou]i:le8s glass ; the fru3i<qi of ^e last 
portions is. difficult. ThQ glass doed not become 
Opi^ue by.flamiftg. 

With salt ofphosphQvus decompose^} tvith rno- 
in^tai?y . efS^rv^sceqe^ ; giveis % fS&^ .slceleton. of 
jmt^ ^an ordinary wMteness, and e:s:penenc^ no 
furtjier decomposHion. The glass & transparent 
and colourless, but becomes opaline on cooling.. 
- With a Kttle soda fuse8 into an opaque globule, 
and, with a larger quantity, into a transparent glass, 
which becomes opaque on cooling ; a. still larger 
portion of spda penetrates into the charcoal : what 
remains frises as before. In the reducing experi- 
ment we obtain traces of tin. 

' 'One atom of silicate of glacina + 2 atoms of silicate of 
alumina, calcdated from the author's own analyski. C. 
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5, Magnesium. 

* ... i 

1. Bitter hit, from Cat^ayudiii Spalfi.* 
Alone, in the matrass, giv^s off a large iguantity 
"itxf water, free frbm acidity; the salt fuses, and'^ ex- 
periences no further change, at the temperature at 
which glass mfelts. When a drop of water is let 
fall on it, it gives out heat and hardens. If we 
heat the desiccated salt on c&)^coal, (ft in the 
forceps, it fuses afresh. Oil charcoal, at a certain 
^temperature, the heat penetrates it almost, instant- 
ly, and it emiti^ a brilliant light, which lasts as 
long as we continue the blast. After .this,* the 
assay is infrisible, having lost its sulphuric acid. 
'Placed on moistened brazil wood paper^ or on red- 
dened litmus paper, it tmges both blue. 

fFith borair, and salt of phosphoms, bitter salt 
behaves like magnei^a. (p. 8lJ} 

' With soda iAtumesces, but does not fuse ; wheu 
moistened the assay exhales k hepatic odour. If we 
place a partide df the desiccated salt on glass, with 
kn excess of soda, the letter becomes liver co- 
lousred. 

With solution of cobalt it gives a rose colour of 
B fine but pale tint. 

2L Magnesite, from Baudissero.^ . 

• • • •• ,.» ... 

> Composed of 1 atom of sulphate of magnesia 60+7 atoms 
of water, 63=1 2S. C. 

* Magnesite from Stiria, analysed by Klaproth, gave-, mag-, 
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Alone, in the matrass, gives off no water, or only 
a very small quantity. 

On charcoal it cracks a little, and shrinks con- 
siderably, after which it acts on moistened brazil 
wood paper like an alcali. 

JVith borax^ salt of phosphorus, soda, and solU" 
tion of cobalt^ it presents the phenomena described 
under the head Magnesia, (p. 81.) 

8.. Boracite, from Lunebourg.^ 

AUme, in the matrass, no change. 

On charcoal fuses and intumesces. It is diffi- 
cult to obtain the globule transparent, whose sur^ 
face is bristled over, on cooling, with needle crys- 
tals. The glass is yellowish whilst hot, but be- 
comes white and opaque on cooling. 

With borax fuses easily into a transparent glass, 
tinged by iron. 

With salt of phosphorus fuses readily into a 
transparent glass, capable of becoming opaque by 
flaming. With a larger proportion of boradte, it 
becomes opaque spontaneously on cooling. 

Soda dissolves it. If we only add the quantity 
of soda necessary to obtain a transparent glass witSi 
the assay whilst liquid, on cooling, it forms cry- 

nesia 48, carbonic acid 49, water S. Phillips. By the ibiv 
mula, it is an anhydrous carbonate of magnesia (20+^2) 
= 42. C. 

' By Vauquelin*8 analysis, it contains boracic acid 83*4, 
magnesia 16*6. Phillips. By the. formula, calculated from 
Stromeyer's analysis, it is a bi-borate of magnesia (20+46) 
^66. C. 
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Btais With broad facets, as perfect as those of phos- 
Ijhateoflead. With a laiger pioportioii of soda 
we obtain a tiansparent .glass, incapable ^f crystal- 
^lizing, which is^merelyra solution of magnesia in 
. glass of borax. 

Remark. — ^If boradte, previdudy idecomposed 
by soda* on charcoal, be pulverised aoid dissolved in 
muriatic acid, b slip of paper dipt into the solution, 
dried and then moistened with alcohol, and buxnit 
whilst moist, tinges the flame green towards the 
end of the combustion. 

4. Chondrodife, from Pargas, Aker, and Am^* 
rica. The Brucite of the Americans;' 

Alone, in the matrass, blackens by heat, but 
gives no appreciable quantity of water ; the black 
colour disappears by toasting in the open air. 

On charcoal it is infosible. The most ferru- 
ginous chondrodite becomes opaque and brown, on 
the points that are most strongly heated. The 
variety containing less iron, that from Aker, for inw 
stance, becomes milky white, by the effect of heat, 

JVith borax fuses slowly, but completely, into a 
transparent glass, slightly tinged by iron. If the 
glass be saturated with the chondrodite, it loses its 
transparency by flaming; it does not, however, be- 

^ Silicate of magnesia,— Almost all the inagnesian silicates 

• contaia a combustible substance, which becomes charred 

when heated in close vessels. If the mineral be then heated 

in the open air, the charcoal burns away, and the black 

•colour disappears* Steatite is a remarkable instance. & 
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O0me milky white, but semi-ttansludd, and cryd* 
taUine. 

fnth salt of phosphorus deoomposes pretty 
eaisily, and leaves a send-tranKparent siEceows re^ 
siduum ; the glass is dear and colourless, but be-^ 
Comes opaline on cooling. 

A small quantity of soda transforms it into a 
difficultly fusible grey scoria ; with a larger quan« 
tity it intumesces and becomes infusible. 

WHh solution of cobalt^ in a strong heat, it gives 
a pale red colour, not pleasing to the eye. Chon^ 
drodite from Pargas gives a brown-grey, the action* 
of the iron preventing that of the oxide of cobalt 
on tl^e magnesia. 

5. PyrallolitCj fiom Pargas.' 

Alone in the matrass^ gives off water, blackens, 
and an empyreumatic gas is disengaged. Roasted 
in the open air it becomes white, swells up, and 
Semi-fuses on the edges iato a. white, slightly blebby 
enamel. 

With borax fiises readily into a transparent 
glass. 

With salt of phosphorus decomposes, and leaves 



* Bisilicate o/Vna^fne^ia.— Nordenskold (Sidrdg tiU narmare 
Icannedom of Findlands Mineralier och Geognosie^ 1 H, p. 
Sl)y considers this mineral as formed of 1 atom of bisilicate 
of alumina +1 of quadrisilicate of lime +6 of bisilicate of 
magnesia +2 of water; but its marked resemblance to the 
Steatite from Bayreuth leads to the idea that the lime and 
alumina are not essential constituents of it. B. 



OF MINSitAl49. S89' 

a semi4rai)fipareilt siUoft sk^^^ii^. Th« glasatis 
diaphanous and colourless, and becomes opQl]j)i0 0:11 
coding. 

JVith soda fuses into a transparent glass, s%ht^; 
ly eolo^u:^ by iron. 

. fVith solution of cobalt we obtain no very do-v 
cided colour^ till the! assay is fiised on tbe edg^s, 
when it gives a blue glass, slightly incUning tOr 
red.' 

6. Ecume de mer, from Turky, and Valeeaii ii^ 
Spain.* 

Alone, in the matrass, gives off water, exhales fiOr 
^npyreiunatic odour, and bladcens. > 

On charcoal recovears its whiteness^ contracts: 
considerably, and fuses on the thinnest edges iiito 
a white enamel 

With borax and salt of phosphorus behaves: 
like the j^reoeding mineral. 

With a sufficient quantity of soda fuses into a; 
transparent glass ; too much or too little of the flux 
makes the glass opaque. 

With solution of cobalt assumes a fine lilaC) 
colour. 



' In consequence of the large quantity of magnesia con- 
tained in this mineral, we should have expecte4 to obtain a 
red colour ; but other minerals equally loaded with magnesia,; 
«s the malacollte from Tjdtteny also give a blue glass, 
whilst some that are less so give a red glass. I do not yet 
know the cause of this anomaly. 6. 

^ By the formula, a tri^ilicate of magnesia, with 5^atoms of 
^ater. C. 
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71 Nobk serpentinCf from SkyttgrufVay near 
Fahlun.^ 

Alone, in the mairasSf gives off water and 
MadkensL 

On charcoal, whitens by heat, and may be fused 
in a good flame into an enamel, on the thin edges. 

ffith borax fnses dowly into a greyish trans- 
paraiit glass. 

With salt of phosphorus bdiaves like the pre* 
oedmg mmeraLs. 

fFith a certain quantity of soda we obtain, not 
without difficulty^a semi-liquified mass, resembling 
enameL If the quantity of soda be increased, the 
assay swells up and becomes infusible. 

Solution of cobalt gives it a red e(dour. 

8. Common serpentine, yellow, translueid fiiom 
Sala, and Bayreuth. 

Alone, in the matrass, and on charcoal, behaves 
like the preceding. 

With borax fuses slowly, though with a large 
quantity, into a transparent glass^ incap^le of be- 
eoming opaque by flaming. 

With salt of phosphorus, soda, and solution of 
cobalt, it behaves like the preceding. 

9. Seifen stein, firom Cornwall.* 

Alone, in the matrass, gives ofi^ water and 
blackens. 



' Composed, by the formula, of 1 atom of hydrate of mag- 
nesia + 1 atom of bisilicate of magnesia. C. 

^ Bisilicate of magnesia^ with bisilicate of aluminai aa atom 
of each^ and 2 atoms of waier. C. 
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On charcoal becomes white dgain, and after- 
wards fuses into a colourless glass, full of bubbles. 

fFith borax fiises slowly, btit completely^ into a 
transparent glass. 

fVith salt of phosphorus behaves like pyralldlite. 

TFith sodai in a strong heat, may be imperfectly 
fused into a semi-transparent glass, which dods not 
become more ftisibleby an additionalquantityof soda^ 

Solution of cobalt gives an impure dark violet 
colour ;. the fused edges are blue. 

10. Nephrite^ JadCy from the environs of Geneva. 
Alime^ in the matrass, scarcely gives off any 

water, nor blackens. 

On charcoal fuses with difficulty into a white 
glass. 

PFith borax, salt of phosphorus, and soda, be- 
haves like the preceding mineral. 

With solution of cobalt gives a black glass in 
the fused parts. 

11. Hard Fahlunite, from Fahlun.* 

Alone, in the matrass, gives off water, loses its 
colour, and becomes white and semi-transparent. 

On charcoal fuses into a colourless, semi-trans- 
parent glass. 

IVith borax fuses slowly, but in large quantity, 
into a diaphanous glass, which does not become 
opaque by flaming. 

' One atom of silicate of magnesia + 3 atoms of silicate of 
alumina + -^ water. Hisinger*s analysis, Afh. i Fysik, &c., 
B. vi. p. S4>7| gives this composition, and not that of 1 atom oi 
bisilicate of magnesia + 2 atoms of silicate of alumina, as we 
find in the place referred to. B. 

R 
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With mU (^ pho^korm 4i«;solvi^ tike the pre- 
ceding minerals 

With n fertuin qmntity of ^a dissolves iBta 
a colourless glass, semi-translucid, and very hard 
to fuse. A hunger quantity of ^soda causes the gl^ss 
to iatuxnesce, and senders it infuidhle. 

With cobalt the colour i& uncertain tiU the mo* 
mwt of Aisuig, when we ohtain i^ hlue glass. 

1% Dichriitf <Stei9heilit, Ckirdierite^ Water- 
saphire), from OrrijerH wd Spla.' 

Alomf in a low haat^ no change ; in a strong 
heat h^e^ 4owly on the edges into a glass free from 
huhhles, retaining the original colour and Uax^s^ 
raaee of the stone. 

With borax and salt of phosphorus behaves like 
the preceding. 

With soda, no solution; a small dose of this &uc 
occasions a dark grey glassy scoria; with a larger 
quantity, the assay intumesces, and bec<xmes in^ 
fiisible. 

With solution of cobalt the assay becomes Uack, 
and the frused edges blue grey. 

1$. F^ridot^ OHviutei ftpm Auvergne.' 

> lolUe. According to 6melin*s analysis, ^t contains, 
silica #^'6, idiimina S4-4, Ikne 1*7, magnesia 5"8, oxide of 
iroa h&fOiddi^ of mangwiase 1 '7. PkiUpf. By chd fteaula 
it is composed of 1 atom of bisilicate of magliesi^ + 4 attim <»f 
silici^te of alumina. C. 

^ Chrysolite. It contains^ according to IClaprotb, silica 39, 
magnesia 43*5, iron 19. Jameson. By the formula, Berzelius 
considers it as composed of 1 atom of protosilicate of iron + 4> 
atoms of silicate of magnesia. C. 
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Aione, gives oifno m«(stur« ; turns father brown, 
chiefly on the edges^ but dees not fuse, and pre-' 
serves its transparence and cdour. 

JVith borax^ and salt of phosphorus, bdiaveS 
Mke the prececMng minerals ; the glasses ai?e co- 
loured by iron, aaid givo no in^y^tion of inang&nese 
with ^altp^re. 

JVith soda is converted by l^b^!ioU8 foi^on into* 
a brown scma. 

14. Chiofite, from F^ua. 

Alone, in the matrass, ^ves off water, and, «fr 
the fosing point of glass, fluoric acid, whidi tw^ti' 
brazil wood paper yellow, and leaves a* de|K>sit of 
silica on the glass. 

On charcoal luses into a black globule^ with a 
dull sur&ce. ^ . : 

fFith borax fiises easily into a dark green glass. 

With salt o^pAo5pftora5 decomposes, and leaves 
silica. The colour of the glass denotes a consideraf 
able quantity of iron. 

fFith sdda neither dissolves nor intumesces, but 
the edges become rounded. On platina, giv^ no 
trace of manganese. 

15. Diallage^ 

> I do not know ^e localities of the two spectmens whieii 
werethe subjecU of chisand the Mlowing^xperimedt; but, 
88 1 received them both from M. Hauy,^ I CBDnot question the 
accuracy of -their denominations. B. 

By rderring to the ** Nouveau Systdme," m which I find 
the same mineralogion) fotfrnnla as in tibe pretetot work, tfak 
must be the BranzUe qf Jameson, and Dkdlage fnet'aUoide of 
Hauy, which consists, according to Klaproth (on w^mmo ana- 

B 2 
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Alone, in the matrass, gives off water not ^ aH 
acid, crackles, and its coloiir becomes clearer. , 

On charcoal fuses slowly on the edge into a 
greyish scoria. 

With boras is converted, by laborious fusion, 
into a transparent glass, slightly coloured by iron. 

fFith salt of phosphorus decomposes, and gives 
a siliceous residuum. 

fVith a certain quantity of soda, fuses into a^ 
greenish grey opaque globule. With a larger dose 
tiiie assay intumesces and becomes invisible. On 
platina foil it gives no indication of the presence of 
manganese. 

16. Hyperstene} 

Alone, in the matrass, crackles^ slightly, ^ and 
gives off water free from acidity, but its appearance 
does not sensibly alter. 

On charcoal fuses easily into a greyish green 
opaque glass. 

With borax fuses easily int? a greenish glass. 

With salt of phosphorus no sensible decompo- 
sition; the assay becomes rounded on the edges, 
and fuses extremely slowly. 

lysis the formula is calculated), of silica 60, magnesia 27*5, 
iron 10*5, water, 0*5. Jameson, Berzelius considers its com- 
position to be, 1 atoni ef bisilicate of protoxide of iron + S 
atoms of bisilicate of magnesia. C. . 

I By Klaproth's analysis it contains, silica 5^^, magnesia 
14f, alumina 2*25^ lime 1*5, oxide of iron 24«'5, water 1. 
Jameson. By the formula, calculated On the preceding ana- 
lysis, it Cionsists of 1 atom of bisilicate of protoxide of iron -f 1 
ausn of bisUicate of magnesia. C. 
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IFith soda behaves like the preceding mineral. 

17. Sordazvalite, from Sordawala in Finland. It 
appears to be a mixture of 1 atom of phosphate of 
magnesia + 2 atoms of water, with a stony fossile, 
formed of 1 atom of bisilicate of magnesia -|- 2 atoms 
of bisilicate of protoxide of iron -|- 3 atoms of bisili- 
cate of alumina.^ 

AlonCf in the matrass^ gives oflT a great deal of 
water, free from acidity. 

On charcoal frises, without intumescence, into 
a black globule, which becomes grey, and assumes 
a metallic lustre in the reducing flame. 

JVith borax frises easily into a glass tinged 
green by iron. 

With salt of phosphorus deconiposes readily, 
and leaves a silica skeleton. 

With a small quantity of soda fu^es into a black 
globule; with a larger dose, intumesces, and is 
converted into a distort^ (anfraptueuse) scpria. 
On platina foil it gives indications of manganese. 

IVith boracic acid and iron I have not been able 
to obtain from it a phosphuret of iron. 

18. Magnesian garnets,'^T}iose fr€fm Syria, 
Orrijerfvi, Hollandses, &c., behave like ahnandine, 
and the magnesia they contain cannot be detected 
by Ae blowpipe. 

19. Spinel, from Ceylon and Aker.* 

• ... 

I According to Nordenskold's analysis, 1 H, p. 86^ et seq. 
of the work c^uoted above. B. 

* Vaaqpelio's analysis of spinel, or balass ruby^ gave, alu- 
mina 82*4*7| ms^nesia* 8*78, chromic acid 6*18, loss 2-57. 
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jilone^ no change.^ The red spinel from Ceylon 
iude^ turns brown, and even blackens and becomes 
opaque before the blowpipe, but, our cooling, it 
recovers its colour in the following inanner — s^n 
by transmitted day-light, it first displays ^ a fine 
chrome green, then becomes ^most colourless, and^ 
lastly, resumes its ruby tint. 

With borax it fiises slowly into, a transparent 

glass, with little colour. The spinel from Aker, 
sometimes contains lime in its interstices, in w^ch 
case it fiises with effervescaiee into a glass that 
may be made opaque by flaming. 

JVith salt of phosphorus fuses with difficulty in 
fragment, but readily and without residuum when 
pulverised* The glass generally presents the 
characteristic colours of iron, but that of the 
Ceylon spinel assumes, after cooling, a s^sible, 
though faint tint of chrome green. It does not 
become opaline. 

JVith soda does not fuse, but swells up;, qd 
platina foil gives sUght traces of manganese. 

20. Pkonaste^ from Ceylon and Somma.^ 

Jameson, Berzelius considers it, fVem hfk bwh analysict, to be 
ft sexalonhiate of nrngnesia;. €* 

' Befofe ihb gas blowp]t>e il fusid readi^ wkfa paitiatojtaBK^ 
bustion and loss of weight. One solid angle of an octoliedrat 
crystal was entirely burnt off and volatilized. Gas Blowpipe, 
p. 58. C. 

* One atom of aluminate of protoxide of iron + 1 atom, of 
$exaluminate of magnesia; calculated from the analysis of 
Collet Descotils (Journal des Mines^ xxx, 421 )• The chemical 
pomposition of this mineral requires fresh examination. B. 
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dloHe, sufleifs no change^ except that in a very 
strong heat, it assumes the blue colour of the glassy 
soorise of the graduate furnaces (ibumeaux gra. 
du6s). It does not fuse, even In powder, but pre- 
«.nte a vitreous appearance on «ie edges. 

With borax fuses into a trani^arent glass, of a 
dark green colour, predsely like that given by iron. 

Salt of phosphorus scarcely has any action on it 
in fragment ; but, when pulverised, it fuses readily 
with tins flux intd a transparent glass coloured by 
iron, and leaves no residuum. 

IPith soda intumesces, and gives a black scoria, 
which does not become fusible by a larger quwtity 
of the flux, 

21. Hydrate of magnesia, from New Jersey.^ 

Alone, in the matrass^ gives otf water; both 
before and after ignition, it restores the blue colour 
of reddened litmus paper. 

On charcoal thickens (s*^paissit) in the fon^fu- 
dinal direction of the laminae, crackles a little and 
becomes milk white, but does not fiise.* 

Pfith thefliuves, and solution of cobalt, heha,re& 
like pure magnesia. 

6. Calcium. 

I. Sulphate of lime, GypausL 

(a.) Anhydrous gypsum. Anhydrite.^ 

 Magnesia and water. Q. 
» See Note, p. Si. C. 
^ Limt and sulphuric acid, without any water. C* 
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. Alone, in the matrass, gives off no moisture^ or 
only traces of it. 

In the forceps fuses with difficulty, in the oxi- 
dating flame, into a white enamel.  

On charcoal, in a good reducing flame, decom- 
poses, and then acts as an alcali on brazil wood 
paper, and exhales the smell of liver of sulphur 
when moistened. 

fVith borax fuses with effervescence into a 
transparent glass, which, when cold, is yellow, or 
brown-yellow. If the proportion of gypsum . be 
increased, the globule becomes brown and opaque 
on cooling. 

With the other fluxes it behaves like pure lime. 

With fluate of lime fuses readily into a trans- 
parent globule, which assumes the whiteness of 
enamel on cooling; by a prolonged blast it intu- 
mesces and becomes infusible. 

Glass of soda developes the colour of liver of 
sulphur. 

{b). Common gypsum} 
. ^lone, in the matrass, gives off water, and be- 
comes milky white. It afterwards behaves like the 
preceding. 

2. Fluate of lime? 

{a). Fluor spat. 

Alone, in the matrass, and at a heat much below 
incipient redness, it ofien exhibits a greenish light. 



1 One atom of sulphate of lime, with 4< atoms of water. C. 
? Lime and fluoric acid, or rather fluorine and c^cium. C. 
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visible in the dark. In a more intense heat it de- 
crepitates strongly, and gives off very little water. 

On charcoal it may be fused by a good heat 
into an opaque globule. 

With horaxy and salt of phosphorus, fuses mth 
the greatest facility into a transparent glass, which, 
at a certain point of saturation, becomes opaque. 

fVith a little soda fuses into a diaphanous glass, 
which, after a long blast, loses its transparence . on 
congealing ; if we increase the quantity of soda, it 
is transformed into a difficultly fusible enamel, 
which remains on the charcoal, whilst the excess 
of soda is absorbed. 

JVith gypsum fuses readily into a transparent 
glass, which becomes opaque on cooling. (See 
. Gypsum.) 

(b). Yttrocerite, from Finbo.V 

Alone, in the matrass, gives off a little empy* 
reumatic water ; the dark coloured variety becomes* 
white. 

On charcoal does not fuse by itself ; but, by the 
addition of gypsum, it melts into a globule opaque 
9t all temperatures. 

fVith boras, salt of phosphorus, and soda, be- 
haves like fluor spar, except that the glasses become 
yellow in the oxidating flame, and retain that colour 

' Berzelius' analysis gave, fluate of lime 68*18, fluate of 
yttria 10*6, fluate of cerium 20 22. Phillips. Tlie formula 
represents it as consisting of an atom of fluate of lime, an atom 
of fluate of yttria, an atom of sesqui-fluate of cerium. C 
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whilst hot. They lose thenr ixnMpwteoey 9Cx>ner 
than those cf flnor fgpai^ 

{c). Yttrocerite, from Broddbo* 

Decrepitates slightly without tasiag, md paflses 
from milk-white to l»iek red (this change of colour 
]g m>t uniform) ;. does not fuse with gypsum^ andf 
in other reqsects,, hehores like fluate of eerinniy 
whidi it contains in very considerable quantity. 

3. Carbonate of Hme. 

(a). Calcareous ^uatr. 

Aione, in the matrass gires off no maistora 

On charcoal becomes caustic by heat^ and sldtietf 
with peculiar brightness as soon as all the catlmiiG 
sKdd is expelled ; hetAs with water, and acts as an 
aleali (hi reddened litmus paper. Ferruginous or 
manganesian calcareous spar blackens by heat. 

fFith thejluxes/m which it dissolves with dfer- 
yesoence, it behaves as stated under the head 
^ Lime," p. 79. Those varieties which contain 
iron or manganese give a cdoured glass. 

{b). Arragonke. 

Atone^ in the matrass^ no dmnge at first, ni a 
temperature much beyond that of bcttHng Water, 
b(^ when nearly red hot, it intumesces, aM &11$ 
into a ooarse, light, white powder; at the same 
time, a very small quantity of water collects in the 
neck of the matrass, less even than that afforded by 
other minerals which contain only water of decrepi- 
tation. With the fluxes it behaves like the preced- 
ing mineral. 



OF MIKEBALS. 



2S1 



. 4. J3lf/er ^tfr (itiagnefliaal ispar).^ 

Not distinguishable by the blowpipe firoxn taL 
careous spar. 

5. Phosphate of lime.^ 

{a). MorositCf from Arendal and Pargas. 
; AlonCf tmalteiaUe in a soHd shaped fiRsgment, 
hut in spangle it fuses on the edge, with a very 
strong heaty into a odourless, transhicid glass ; it 
is one of the most difficult minerals to fuse.^ 

fFith borav fuses slowly into a transparent glass, 
which turns milk white by Jlaming, and, with a~ 
lai^ proportion of mor^t^ becGmes opaque on 
cooling. 

JVith salt of phosphorus fittes m large quanMty 
into a tranqKurent glass, which, when nearly *sattt^ 
irated, becomes opaque by cooling, and exhibits 
facets less distinct than tluise wUch result from 
the crystallization of phosphate of lead. When 
perfectly saturated, it congeals, without regularly 
crystallizing, into a milk white globule. 

fFith soda swells up and effervesces ; the soda 
pi^etrates the charcoal, and leaves a white mass 
on the surface. 



' One iitdni of carbonate of lime 4-1 atom of carbonate of 
nagnesia. C« 

^ Apatite. The asparngu^. shne firom Spafb, analyBed by 
Klaprbtb, gave, lime 54<*28, phosphoric add 55*74. PhiUips. 
Hence^ it eonsiitt of 1 atom of Ume ^4-1 atotH' of pfhosphoHc 
acid 28 ss 5& Moiteite ia another variety of apatite. C. 

s Before the gaB blowpipe crystallised aptttUa tbded into a 
Umk shining slag. Conqkid apatiie gave '^a \i)hite enamd, 
resembling,^ aa to external appearance, spermaceUL** Gas 
Blowpipe, p. 52. 1 
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JVith boracic acid fascs with. extreme diflBcidty; 
but gives, with metallic iron, a regulus of phos* 
phuret of iron. 

{by Radiated phosphate of lime, phosphorite, 
from Estremadura, 

In the matrass, gives off a little water, fuses 
rather more readily than the preceding, into a 
white enameL In other respects it behaves like 
moroxite. 

(c). Phosphate of lime, mammoth's teeth, dug 
up at Kannstadt, 

In the matrass contracts considerably, and gives 
off a large quantity of water. 

On charcoal blackens at the extreme part acted 
on by the flame ; does not fuse, but becomes rounded 
and semi-transparent at the same part. In other 
req[)ects, exhibits the same effects as the preceding 
minerals. 

6. Datholite, and 

7. Botry&Ute,^ both from Arendal. They be- 
have ahke, and as follows :— 

Alone, in the matrass, they give off a little water. 
On charcoal they intumesce a little, like borax, 

* JClaproth*8 analysis of datholite gare, silica 36*5, lime 35*5, 
boracic ^cid 24, water 4; his analysis of Botryolite gave, silica 
36^ lime 395, boracic acid 13*5, water S'B, oxide of iron 1. 
Jameson. From these analyses, Berzelius calculates his for- 
mulie, which give for the former, 1 atom of bi-borateof lime + 1 
atom of tri-silicate of lime (according to the tables in the essay 
on chemical proportions) -f 1 atom of water ; for the second, 
1 atom ofborate of iiine + 1 atom of trisilicate of lime -f 1 atom 
of water. The weight of an atom of lime is 28, that of boracic 
acid 23> and of silica 16. C. 
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and fuse into a transparent glass, which is either 
colourless, pale rose, or iron green, according to the 
purity or colour of the assay. 

fFith borax fuse readily into a transparent glass, 
whose colour varies like the preceding. 

fFith salt of phosphorus dissolve, except a solica 
skeleton. If we add a fresh portion of the assay, 
the glass loses its transparence^ and^ lastly, becomes 
enamel while. 

fFith a little soda fuse into a transparent glass. 
With a larger dose the glass becomes opaque on 
cooling, and, with a still' larger, the whole mass 
penetrates the charcoal. 

Jf ith gypsum they fiise, but with more difficulty 
than fluor spar, into a diaphanous gbbule, which 
retains its transparence o^ cooling. ; 

TVith solution of cobalt^ an opaque blue glass. 

Remark. — If we pulverise either of these mine- 
rals, moisten the powder with a drop of muriatic 
acid, and suffer it to dry on a slip of thin paper; 
on wetting the paper with alcohol, and setting it 
on fire, the flame towards the end of the combustion 
will be tinged green. This phenomenon does not 
occur with boracite, unless it be previously ignited 
with soda. 

8. Arseniate of lime, pharmacoUte.^ 

Alone, . in the matrass, gives off much water, . 
free from acidity ; no arsenious acid sublimes ; the 

'  Klaproth's anidysis gave, lime 2S, arsenic acid 50*54, ' 
water S^'^G. Jameson. By the formula, it contains 1 atom 
of acid + 1 of base + 6 of water. C. 
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aMiy loses its transparaice, and resembles an ef* 
flaresced salt, but retains its foxtn. 

In the forceps fuses in the exterior flame into a; 
white enamel. 

' On charcoal, in the interior flame, fiises more 
readily, giving off^tho smeQ of arsenic, into a semi- 
tra»shicid glohdie, sometimes indining to blue, 
tiiat is, if the assay, as generally happens, be mixed 
with arseniate of cobalt. 

fFith horary and salt of phosphorus, behaves 
like lime, or the salts of Imie with v<datile adds 
m general, but gives off, in dissolving, abundant 
fumes of arsenic. 

With soda decomposes with great disengagement 
of acsenic. The lime remains on the charcoaL 

9. Tungstate of lime} 

Alone, in the matrass^ no change. 

On charcoal, in a strong heat, the thin parts 
fiiae into a seini-transparent glass. 

With borax fuses eamly into a transparent glass, 
which so<m becomes opaque, milk white, crystalline, 
and incapable of being coloured by the reducing 
flame, even with tin. 

With saU of pMsphorus fiises readily in the 
exterior flame into a colourless transparent glass v 
in the interior flame, the glass assumes a green co- 
lour, which it retains whilst hot, but which tiinis to a 

> A specimen lately analysed by Berzelius consisted of 
tungstic acid 80*417, lime 19'460. PhUUps. It contains by 
the formula, 1 atom of base -f 1 of acid. The weight of an 
atom of tungstic acid is 120.. . C« 
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fine blue <m codybig. If vm add tin, the gkss t^es 
a darker tini and becinoefi ffeexL After a long 
Nast, with a snifficieat quantity of tiUji tungsten 
preeif^t^tes, and the ooIqui* chai%e9 at la$l to a 
very ppXe ff^tWtSu yellow. 

^tVft $9^ imm a white mtuinesooDi somit 
rounded on the ed^ea. 

X0» Uranate o/iimej urwite ; the yellim variety 
from Auton, the green from Cornwall.^ 

Ahne^ in the matrmss gives off wat^, and he« 
comes straw yellow and opaque. 

On ck^rC^al intumesci^ slightly^ and &i^es into 
a bhiick i^ol^ule, with a demi-crystaUine ismr^ 
face* 

/^^A borax and mU i>/ phQ^phorus fuses readily 
into a tran^fareiat glass, of a dark green colour in 
the oxidating Awkidt and &ie greai in the redne** 
ii^. With till, th6 gla^ formed with the ^reoi 
variety beeomes red and opaque, from the oxida- 
tion of the copper whiph it contains. 

TVith Bod0 does not £uie, but gives a yellow 
scoria. The^utun ui»nite gives no metaHie par- 
ticles in the reduciioLg experiments ^ut the green: 
uranite from Com wall eKh^es the smdOl of arscmiiv 
and g^ves white metallic grains, which are nothing 
else but an alloy of arsenic and copper, derived 
from the arseniate of eopper by whidi thie mmeral 
is coloured. 

* One atom of base + 1 of acid + 6 of water. C. 
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11. Sphene^ titane sOic^o-calcaire : formula of 
its composition not ascertained. 

Alone, in the matrass, gives off a small quantity 
of apparently merely hygroraetric water- The yel- 
low sphene suffers no change. The brown variety 
becomes yellow, but retains nearly its original trans- 
parence. A variety from Frugord in Finland, 
presents during this change of colour a phenome- 
non of ignition, similar to that described under 
the head of vitreous gadolinite, but much less in- 
tense. 

On charcoal, or in the forceps, fuses on the 
edges, with slight intumescence, into a dark co- 
loured glass. The unfused portion retains its clear 
yellow colour and semi-transparence. 

fFith bora^v fuses pretty readily into a clear 
yellow transparent glass, which becomes brown by 
an additional quantity of sphene, but cannot be 
made to develope the characteristic colour of tita- 
nium by the reducing flame. 

JVith salt ofpAosphorus^mAvesmth difficulty; 
the unfiosed portion becomes milk white. In a good 
reducing flame the characteristic colour of tita- 
nium is developed, and, by the addition of tin, 
with the utmost facility. Afler a long blast the 
glass becomes opaline on cooling. 

fftth soda fuses into an opaque glass, which no 
proportion of soda can make transparent. Wheir 
cold it is similar to that formed with pure oxide 
of titanium. With a large quantity of soda the 
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glass is absorbed by the charcoal^ and usually gives 
a little iron in the reducing operation. 

IS. Tabular spar^ from Nagyag, Perboniemi, 
Paigas, Gokum, atid Capo di Bovi.^ 

AlanCi in the matrass^ no change4 

On charcoal melts on the edge into a $emi« 
transparent colourless glass globide. Requires a 
yery strong heat for its perfect fusion^ and bubbles 
up a little at intervals* 

With borax fuses easily/ and in large quantity^ 
into a transparent glass^ which cannot be made 
opaque by continuing the blast 

With salt of phosphorus decompose, and leaves 
a silica skeleton, foil of flaws (glaceux)« The 
glass becomes opaline on cooling. ' 

JVith a little soda fuses into an enamel white* 
blebby glass. A large quantity makes the assay 
infusible and intumescent. 

With solution of cobalt it is niuch more diffi« 
cult to fiise than by itself, or without addition ; 
the fiised edge is blue. 



> This mineral, formerly only foand in Transylrania, has 
lately been met with in the places above named, and appears 
pretty frequently to accompany primitive limestone. It has 
been analysed by Laugter, Bonsdorff, and Rose> and the ex* 
periments with the blowpipe confirm its identity with the 
specimens from those places. It seems to have been gene-< 
rally considered as a white variety of amphibole or tremolite. 
B.-^Klaproth's analysis of tabular spar gave silica 50, lime 
45, water 5. Jameson. By the mineralogical formula it ii 
a bisilicate of lime. C. 

s 
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IS. Amphi/bokr hond^ftde, tr^tnolite, ai^beseor^ 
actinote, &c. 

ItL A «y«tem of mhlentiogy ftimded <m crystal- 
lization^ under tli« same name^iiidicating a e^rtaitt* 
erystallographii^ ioxta^ are ^ompveliended a certain 
nmalief dT ttiinerals, whidi, theiigh tbcy diffl^r in 
eobar^ tmd in iMtiy othisr ircspecto, have nevertheless 
Mie eDttimon %ttPe : but it is imposinble to deduce 
an equivalent generic charaje<}er ftwh the pbeno- 
mefia which these mim^als preBent befi>re the - 
Mowpi]^; rf nihic^ ampMbole^ p^oxene^ and gar «> 
net, may be taken as instaiices. 

Mits^rlk^ has proved that certain bases, satu- 
Mied wilh t^ same acid to the same degree, affect 
the same crystalline f<»fR, and he has patticukfly 
^d/Mi tjbat lime^ magnesia, and the protoxides of iron 
afid ftiS2^anese compose in thifi way a class^tf is&mm^ 
^Aof^^bases. He has demonstarated further,by e3qpe]i- 
mettts made in (^ moist way, that iwmorphous salts- 
have the property of erystallizing in common {tn> 
eommun)f concurring in an uniferm manner in the 
structure of one and the same crystal, without being 
mutually connected by any chemical affinity, and 
consequently without being confined to definite pro^ 
poriaons. Now it seems that the saftte operatiott 
hais occorred in nature, when minerals, in crystal- 
lizing,, have separated from one another. If this^ 
inference be correct, we can comprehend the hither- 
to enigmatical fact, of the absolute identity of 
geomeiaical 'form in minerals, whose analyses pre- 
sent very remarkable differences.. Hence, in ordtt 
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to judge with ocrtainty as to the cesidts of his aaa** 
ipeSf dae jdbemist need only asoeriaiiii whioh are ii^ 
morfhous corxMnsdmns. From wbajt we have aeetk, 
the siUoates of lime iind magnesia, mi tho^ .of ihe 
|»x>toxides4af iron and maaganeseviQay meet in db 
aame crystal in the same de^asee of saturatiesi, ai%d 
i&eit relative quantities may vary» although the farm 
of tbe crystal remain the sasme. Whence it foik^n 
'4hat aryjriadsof am^daiiMxle may not (mly .exhibit very 
4iff a?ent ieoiouES, luit also very different jphenoisifetta 
-iniien acted on ,hy the Uowpipe. Althangh these 
•tbeoEetieaL ideas suppose an inde&iite nuiXKbar of 
possiblemixturefi^mongst these the most common of 
iiiesilieates^i( which experiment sufficiendy<»>nfem9^» 
y^et, when we aie hetter aeq^iiainted with them^ a 
-few general phenomena wUl suffice to ascertain 
the natmre of the ^constituent ftetts of a mincaial 
crystallized after die -mannefr ^ef amphibole. « 

At pvesent I xan only give the charactexislic 
, ^^enoanena of die «iost significant species of thoae 
whieh aiiect this orysitaHine form. Aoconling iio 
M. Bonsdorff's care&d and accurate analysis of 
«mie of theyuieBt^edes, Aey appear to be com- 
•posed of one vdume^ of trisilicate of lime, wilJi 
three volumes of bisilioate of magnesia. AU diese 
wero nearly or 4|uite .colourless. But we hitve an- 
oth^kindof homldendes, which, though they affeet 
the most regular form of die amphihole crystaOs, 
differ considerably from them in chemical con^o- 

^ Atom. ' C. 
8 2 
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sition. They not only contain a new base entitdy 
heteromorphous with respect to the before-men- 
tioned species, namely alumina, but in many of 
them, the silica is not in sufficient quantity to form 
idlicates ; in other words, the oxygen of the silica 
is often in less quantity than that of the bases, and 
the more alumma there is in the mineral, the less 
silica it contains. To be satisfied of the accuracy 
of this, it is enough to calculate the analyses of 
some black species of hornblende, published by Hi- 
singer, in the Journal entitled AfhandL i Fysik, 
Kemi, &c, vi. 199 ; as well as the analyses record- 
ed by Klaproth in his work, under the artide 
Hornblende. The question, therefore, is, whether 
the constitution of these black hornblendes be ab- 
solutely new. Now, if we may hazard a conjec- 
ture on the subject, it is most probable, that these 
species contain, besides bisilicates and trisilicates of 
magnesia, lime and protoxide of iron, an alumi- 
nate resulting firom the combination of the alumina 
witib the excess of the bases just mentioned, which 
aluminate may be conceived to be isomorphous 
with one of the silicates that accompany it. I have 
thought it right to interrupt the detail of the phe- 
nomena which minerals present in pyrognostic 
assays, by this little digression, in order that the 
reader may more easily judge of the results of 
these experiments. In general, minerals of the 
hornblende species fuse more - readily than the 
pyroxenes, of which we shall speak immediately 
afterwards, and which come near them in compo- 

1 
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iHtion. This seems to be owing, on one hand, to their 
ccmtaining more than one atom of magnesia to an 
atom of lime, and on the other, to their being 
rich in bisilicate of iron,-^an easily &sible sub- 
stance. However, we meet with species of am- 
phibole which fuse with difficulty, and very ferru- 
ginous pyroxenes whose fusion is easily effected. 
I shall divide the amphiboks into two classes ; the 
first, a, will include those which contain no alu- 
mina; the secoiid, b, the generally black alumi- 
nous amphibdes. 

(a.) Amphiboles not containing alumina. 

(a.) Colourless amphiboly from Gullsjd in 
Wermlande** 

A lone f in the matrass, no change, only a little 
hygroscopic water is ^ven off. 

In the forceps fuses readily, with slight bub- 
bling, into a semi-transparent ^ass ; the part next 
the fused mass becomes milk white. Every time 
that we repeat the fusion of the glass it begins by 
bubbUng, which then subsides agam. ' 

JVith boras fuses slowly into a eolourless trans* 
parent glass. 

IVith salt of phosphorus not decomposed ; the 

' In this, and most of the followiog minerals, M. Bonsdorff 
found some fluoric acid, which he considers as forming a 
neutral comhination in those fossils^ witli a corresponding 
quantity of lime not expressed in the formulae. B. 

The formulae are calculated from Bpnsdorff's analyses ; 
that of the mineral under consideration gives its composition 
as 1 atom of trisilicate of lime + 3 atoms of bisilicate of 
magnesia. C. 
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assay r^niamcj wSk white tterodgkoTtt, aod is roMndk 
ed (m the edges ; itfteraiongblofitthe^btasbcooiMi 
qpatine om cooling/ 

fFith a very small quantUy of i&dd fttses into 
a trmnspaarent glass. A kurg^ quanfeity of the flvk 
cduaes it to mtmnesce, aiid eeirvertil it into a wMlb 
iitfusftble seorkkd 

Solution of (^halt developes a ririe colow itt ikd 
fused parts. 

(|3.) Grammatite^ from FaUidi*^ 

^/(?^e,not changed by gentle ignittcin; iit a strong 
heat it iiifiitmeficea a IktH oraeks lotog^^udiAi^y, 
a»dttensi»ilk white.; lastly, in a i*ry sttdnghdat 
ftuses with effervescence into a distotted, almo^ 
opaqne grey white mass. 

IFith boraj? and salt of phosphorus bdburrea 
like the precediitg mineraL 

fFith soda^ in suitable quantity, fuses into a 
tiansparefit glass ; with too large or too small a 
dos& the glass becomes opaque wheil eold. 

With solution of cobalt gives a dark red in the. 
fiised part^ ajid a fine bright red aB around it. 

(y.) Asbestiform Tremolite, from iSbeffield, iar 
Massascfausets, 

» 

' < TMfi property, with a few exceptions^ is tortirxt^ to all 
tire atnpfatboles. Tliere is, however, a pretty good method 
of decomposing them by salt of phoarphoras; it consrsts in 
fusing them with a Very sitiall quantity of the flux, witb 
which we merely cover then* surface. When the assay be- 
gins to puff up, the phosphoric acid penetrates it ; it then 
intumfesces, decomposes, and becomes full of flaws (glac0u8e)v 

? Same composition as colourless amphibole. C» 



Ahne, bulibles luid fom ^th gr^ di^mlty )jxM> 

iritreous mass, generally presenti^drdeliiTater^- 
^ed crystaUixatioQ ou t^Q siufs^ce^ .. 

fFUb borax and mtt qf phQ^pbarm\ieiim&^ hkp 
the preceding minerals* : ; 

fFith soda fuses very readily iuto » Uan$pic(ent 
glass^ which requires a large quantity of sodi^ ip 
reader it op^ue* 

fFith solution ofcokalt the fiuted ed^^ $ure OQir 
loured red. 

{i.) Asbestus, from th^ Tarentaisc.* 

Alom^ fuses very readily into k slightly ipreyish 
£lobide> similar to enaiwl? its surf^q^ is ^ot. vi- 
treous. ; 

fFith theJlMp$s hehwes Ube o^ • , 
. (c.) Asbesttform actinote^ > from T^lberg xmif 
Phili^pstad^^ and from Fahliw. f 

Not sensihly altered hy moderate ig^itio9. I9 
^hrightar heat it whitens, and then fui wiA4«ht 
4nibhlijig into a yellowifih hrowi^ (^paque gIfSW. 

With borojp fbses readily intQ 4^ f^m «%htl^ 
coloured hy iron. 

SaU (^ phospharw has not a y^ powerful 
4^tiQn on it. The eryatalhm tadii ^ tfit clmig^ 

< In Savoy. Cbenevii^'s analysis ggvei «Uica£% a|t|ii|ina 
3f limQ 9, magnesia ;^0, . Phillips, By the Jbro^iila it coy>r 
«i8ts of 1 atom of trisilicate of lime + 3 compound atonic of 
bisilicate of magnesia and protoxide of irop. C^ 

^ Ope atom of trisilicate of lime + 3 compound 9t0|Df ^ 
bisilicate of magnesia and protoxide of koa. C> 
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t 

their appearance, and die glass belsonies slightly 
opaline on cooling. 

fTith a certain proportion of soda it gives an 
opaque greenish glass, and with a larger quantity 
an infusible intumescent mass. 

With solution of cobalt fuses and reddens on 
the edges. 

Remark. — ^The intensely green actinotes give a 
glass more decidedly tinged by iron ; in other res- 
pects they behavei like i . 

(C-) ByssolitCf from Oisans.^ / 

Jlone, fuses into a brilhant black globule. 

fFith boraXf fuses readily into a glass coloured 
)by iron. 

With salt of phosphorus dissolves mth diffi* 
culty. The crystalline radii which first present 
themselves undergo complete solution; the rest 
remain untouched. 

IVith soda gives a black glass ; a larger quan« 
tity converts the assay into a black scoria. On 
platina traces of manganese are parceptible. 

{b.) Aluminous amphiboles. 

(n.) Grammatite^ from a limestone quarry at 
Aker.^ Whitens, without sptitting, m a stiong heat, 

I The author seems doubtful as to its composition. The 
formula (to which a ? is annexed), represents it ais a bisilicate 
of lime, magnesia, protoxide of manganese and peroxide of 
iron, an atom of each. C. 

^Thls grammatite contains from 4 to 14 per cent, of alu- 
fnina. B. The formula, 6a]culated from BonsdorPs analy- 
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and fuses more easfly than the grairimatite from 
Fahluii (nearly like that GuUsjo) into a transpar' 
-Tent almost colourless glass. 

fFith bora^ fuses readily into a 'transparent 
glass. 

fFitk salt of phosphorus intumesces, and does 
not wholly decompose, but is converted into a 
transludd mass, the central part of which retains 
its hardness. 

* With soda fuses into an opaque glass^ not rea- 
dily liquifiable ; with a larger quantity it at first 
intlimesces, but afterwards in a strong heat fuses 
into a globule. -^ 

W^ith solution of cobalt fuses more difficultly, 
and' otily on the edges, into a fine dark blue glass. 

m Black primitvct hornblende^ from Slatt- 
myra.* 

Alone,' ^eaxcely iiitumesces, and fiises without 
the least bubbling into ai black brillilant globule. 
' fFith borax fuses into a glass strongly tinged 
by iron. 

With salt ^f phosphorus not decomposed. The 
assay does not change colour, but becomes rounded 
t)& tl»e edges. The vitrified fLtix exhibits a slight 
tint of iron. In this respect this mineral resem- 
bks^the non-aluminous amphiboles. 
. With soda fuses readily into a blade brilliant 

r • 

818^ considers it as 1 atom of trisilicate of lime + S atoms of 
bisilicate of magnesia. C. 

' It contains 74^ per cent, of alumina. (Hisinger, Afh. vu 
90L) B. 



SS6 TYBPGNOSTIC CHAEACTEES 

glaas, which a larger portion of soda readen irtSBL 
more Visible, but its mufaoe then losea its bril- 
liancy and becomes cry6talli]ie» and the aaaay as- 
sumes a deep thrown colour. 

(».) Black Hornblende in large iamina, from 
Taberg, in the m^;alli£eroua district of Nora« 

Behaves like the preceding* 

(x.) Dark green lamellar homhkndei from 
Annaberg, in Saxony.. 

Alone, fuses with effervescence and intumescence^ 
into a black brilliant glass. 

fFith boras fuses readily into a glass but Httib 
coloured. 

Salt of phosphorus decomposes it after i^e blast 
has been continued some time, and leaves a sQica 
dceleton* The globule is colourless, and becomes 
opaline on cooling. 

I9^ith sod0t same phenomena as with ti.. 

(a.) ^Black crystallized hornblende^ from Fatgai/ 

Fuses readily with vioknt bubblii^ iato a btown 
grey opaque glass. 

^ith baraop fiises ea«]y int# a clAar grcamsh 
glass. 

Salt of phosphorus deomtposes it resdily^and wtiy^ 
v^rts it into a flaWy mass. The fiised glivss Is tii^gpdi 
by iron whilst hot, and becomes opaline on c<K>&)jg> 

With ^oda fuses with ^fficulty into a grey 
hrown glass, which it is not easy to obtain in a 
globule. 

' It contains \2 per cent of alumina, according to ths 
analyses of Hisinger and Bonsdorff. B. 



{fA.yPatgasite, ex ^ystallked deal: ^re^i^ dinph^ 
noQs hnmblettde, from Pargws, 

S^hayes like the preeeding, exe^t ^hat ite 
g^osBes are less coloured. It dii^s in ecMao^Ositioii 
GBif in eontainiBg a smaller |»:opartioii of iron. 

14^ Pyroxene. 

It is with this mineral as with amphibole, Ivhose 
%uref is common to a pretty \as!^ niunber of differ- 
efiit cosqioiulds formed by the siHcates (£ the &ur 
basssr of which we hme spdtien akeady ; but, what 
is very interesting, pyroxene is f^waya £bfmed by 
the bisUicatcs of those mme t^t$e$t according to the 
truly curioto researcheis of M. H. Rose^ <m the 
ccnDOfositLan of the pyroxenes. Frdm the analyses 
hitherto made, it appears t]Mtt the pyroxenes contain 
as JxasELjj or more atoms of fdlteate of lime,. ^ of si*- 
licate of magnesia. Coilourlefla malaeolite, and th^ 
caiaurh»» tr«nqiaa!ent pyrosenes, which Laugier. 
Hisinger, BonsdorfF, Wachtmebtet and Noiden* 
skiold hare analysed, op^rafting oA speeiiAeufS^ from 
different places, all gave 1 atom of bisilicate of 
lime + 1 atom of btsilieate^of ma^esia ; li^nt tbe 
ckar gr^n opaique species often gave an ea^ceas of. 
silicate of Bihe, and the bhick uauaUy ootttbin^ }ike 
oiHtain species of an^hibole, more or less ali4mn9» 
which has no iniuenoe on either the £orm or ekav*? 
age of the mineral. In some pyroxenes the bisi-. 
Iktitie (if mi^nesia is replaced by bisil}oate of pro- 
toxide of iron, m in hedenbergitef which, according 
to Rose's experiment, is 1 atom of bisilicate of lime 
+ 1 utom of bisilicate of protoxide of iron, and con-? 
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tains no ma^esia. Th€ pyroxenes thus divide isrta 
four principal classes, according to the proportionff 
and nature of their constituent parts* The composi^ 
tioQ of the first class, is 1 atom of bisilicate of lime 
4- latom of bislicate of magnesia, and compre- 
hends the colourless, transparent pyroxenes; the 
second includes those which contain more atoms 
of fime than of magnesia ; the third, those in which 
bisilicate of iron is an essential element, and last-^ 
ly, the fourth is composed of the aluminous pyrox- 
enes, which are generally black. 

(a.) White or transparent Pyroxene. 
Diopsidej or Alalite, from Pi6mont, 
White n$alacolit€s from the limestone quarry 

of Tammare, in Finland. 

White malacolite, from Tjotten in Norway* 
Pale green salite, from Sala.' 

Atone, fuses with bubUing into a cdburless^ 
semi-transparent glass. 

With borax frises readily into a diaphanous 
glass. 

JPith salt of phosphorus deGomfoses slowly, and 
leaves a silica skeleton. The glass is transpa- 
rent, and becomes opalme on cooling. Diopside re- 
tains its transparence and aspect a long time, but 
at last it intumesces and is converted into a silica 
skeleton. 

With a smalt quantity of soda intumesces, and 
fuses readily into a transparent glass, whidi a 

' All these are bisilicates of lime and magnesiai an atom of 
each. C. 
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larger dose of soda renders opaque and less fosiUe ; 
every time we add a fresh portion of the &xx^ the 
glass intumesces before it fuses* 

With soiniim of cobaU the malaeolite from 
Finland fruses, and reddens on the edges. INiop- 
aide presents on the lused edges a red colour^ 
when frised into a globule it is violet The malap- 
4X>lite from TJotten gives a blue * colour inclining 
to red. 

Remark. — ^Amongst the minerals comprehemded 
under the napie of Satite, is found at Sala a mala^ 
colite» which, in point of aspect, differs noticing 
from common saiite, except in the inferior . bril- 
liancy of its surface ; its form and colour are the 
isame. It contains, however, only 5 per cent, df 
lime; the rest is, according to Rose's analysis, a sili- 
cate magnesia. It presents the following pheno- 
mena before the blowpipe. 

Alone, in the matrass, it ^ves off water. 

On charcoal it becomes grey white, but does not 
fuse either in fragment or in powder, it merely ag- 
glutinates on the edges, which become brown and 
vitreous. 

JVith borate and soda it behaves like the pre- 
ceding minerals. 

fFith salt of phosphorus it decomposes, with 
nearly as much difficidty as the preceding mine- 
rals, but the assay neither retains its transparenee 
nor colour ; it first becomes enamel white, then in- 

' Can this colour be derived from the ^ per cent of ^« 
mina which this mineral contains? B. .... 
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4;«Hneflce8» sMglrtly, and lastly, » conTerted mto a 
4»fiea skeleton. 

With solution of cohaU it gives ani impare red 
eolour both on the fiised and un6i8ed parts. The 
€side of cobalt increases its fusibility, whereas it 
produees a eontrary effect with the malacolites 
whidi contain more lime. 

{b^ Pyro^t^nes containing a greater number of 
atoms of lime than of magnesia. 

Malacolite, from J^Smmyresveden,^ 

Fuses €aaly into a dark <5oloured glass. 

JVith boraT, salt of phosphorus^ and soda, be- 
haves like the preceding minerals, except that its 
glass is coloured by iron. 

(c.) Pyroarenes which contain a bisilicate of 
' protoxide of iron as an essential element. 

(a.) Hedeniergite, from MormOTsgmfva, near 
Tunaberg.^ 

Alone^ gives off no water, or only a little hyro- 
metrical moisture, i^kh when the assay is heated 
to the fusing point of glass, gives, by the test of 
litmus paper, some -traces of acidity. 

' Three iil;onDS of -feMiUcate of lime +2 ftto0ig>of,bii5llicate 
of magnesia + 1 atom of bisilicate of protoxide of iron* C. 

^ One atom of bisilicate of lime + 1 atom of bi^ilioate of 
protoxide of iron. C. 

This mineral was considered on the authority of Hedeo- 
i)erg» whofiifit analysed it, as a bisilicate of 'prolOKide of 
If on combined with water, but according to Rose'^s aqal^ais 
it is a double bisilicate of lime* and protoxide of iron, and 
pvesenis all the external characters of dark green miilaco- 
lite. B. 
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In ike fbnxps it ftuies with exeeed&ig slight 
iffat^Mceaoe into a blaek shmingH gloss. 

fVith horax fiiBes esaily intD a glass strongly 
dolouipd by wm. 

With salt of phosphonts decomposes sSowly^ 
and gives a silica skeleton, in which the unde- 
composed andbiis is diiG^ingnished by its black 
eolonr. The ferrnginoius cdbur of the glass dis* 
appears on cooling. 

JVkkwiahxaeBresBStfmXo abladi glass, whose 
snrfaee beeonea dull by a fresh qnasrl^y of mAa,. 
Iliia wmetaX afasoifas a mnch larger p€rtioii of tibe 
inx than asy of llie pKecdEng before it is oon¥eri-^ 
ad ijsto a aeoiia. 

I(|3.) Dm'k^&m fyrowmcj from Tabei^, near 
JNiilipttad, and ham Aiendal ; dark red maku^^ 
Ute, from Deger&in ilnknd ; all behare lake the 
pwco&Dg auneraL 

{d.) Aluminous pyroxenes^ the greater fart of 
^pdndk ase 'bladk:.v 

{a.) Pyroj^em, frMi Paigos.^ ^ 

(|3.) Pyroxene^ from Auvergne, from laem. 

miey behalf like pyroxenes m general, but are 
tnuch mcBPe dffienlt to decompose by salt a/ pbt^ 
pheruSi and even almost indiecompasaUe by tiuifc 
llftx. Tiaee a«say d^ges from its original biadc,. 
and becomes translucid, and almost colouifless. 

' One compound atom, fcnrmed of an atom of silicate of 
protoxide of iron + 2 of silicate of alumina, combined with 
liii«e'OiMiipeuBd'a(oi«6,each formed of 1 atom of bisilioate 
^Ume + 1 of bisiUcate of magnesia.. (Nordentkiold)*^ C- 
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frith soda they fonn a more difficultly fusible 
glass, so that they become infusible with a quantity 
of soda, with which the essentially ferriferous py- 
roxenes, of a dark green colour, still vitrify very 
readily, 

15. Epidote. 

This name also denotes a certain crystalline form^ 
which comprehends minerak of different composi- 
tion ; namely, 

(a.) Zoizite, from fiareuth, and Kamthen.^ . 

^lon€,mtvaneBces and expands transversely to the 
direction of the laminae ; at the first impression of the 
flame, numerous small bubbles form, which subside 
with a stronger heat. Fuses on the outer edges 
into a slightly yellowish transparent glass, but the 
intumesced mass becomes afterwards extremely dif- 
ficult to fuse, and forms a vitreous scoria. 

IFith borax intumesces, and fuses into a diapha* 
nous glass. 

With salt of phosphorus intumesces, decom- 
poses readily with effervescence^ and gives a sili* 
ceous skeleton. 

With a very small portion of soda fuses into a 
slightly greenish glass. The usual quantity of 
the flux gives an intumescent, white, infusible 
jDsisiR. On platina foil, traces of manganese are 
perceptible. 

With solution of cobalt^ a blue glass. 

^ One atom of silicate of lime + 2 atoms of silicate of 
alumina. C. 
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((3). PtstacitCi from Oisans, Hellestad, Anendal, 
*raberg, and Qrrajerfvi,^ 

jilane, fuses at first in the extreme parts, then 
intumesces, and is converted into a ramified mass, 
presenting in miniature. a cauliflower appearance 
of a deep hrown colour ; in a strong flame it black* 
ens and becomes rounded, but does not completely 
ftise. The variety from Arendal, which, according 
to the analyses, is the most ferruginous of all, is also 
remarkably more ftudble than the others. 

fFith borax first intumesces and then fuses into 
a glass coloured by iron. 

With salt of phosphorus decomposes readily 
with intumescence, and leaves a silica skeleton. 

With a little soda frises laboriously into a dark 
glass, which a larger dose of soda converts into an 
infusible scoria. 

{y). Manganesian epidote, from Saint-Marcet, 
in Piemont. 

Alone fuses very easily, with bubbling, into a 
black glass. 

With borax fruses with effervescence into a trans- 

' One atom of silicate of lime+l atom of silicate of per- 
oxide of iron +4 atoms of silicate of alumina. C. 

Perhaps this formula is correct only for the variety of pista- 
cite from Oisans in France ; in general, pistacite is an epidote 
in which the silicate pf protoxide of iron takes the place of a 
greater or less quantity of silicate of lime. The fine epidote 
from Oisans differs firom zoizite by having an atom of bisilicate 
of lime replaced by an atom of another isomorphous silicate, 
namely, bisilicate of protoxide of iron ; whence it follows that 
these two minerals affisct the same crystalline form. B. 

T 
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paraiit glass, which« ia tibe exterior flame, asstudies 
an amethyst colour; and in the interior, whikt 
hot, is tkiged by iron, bat becomes colourless on 

With salt of phosphorus intumesces and decom- 
poses, leaving a ailiea skeleton. The glass does 
mot asmme the colour indicative of manganese^ 
but is tinged by iron whilst hot. 

WUk soda^ behaves like the preceding minerala 

16. Prehnite and KoUpholite* 

According to Klaproth's anal3rsis, these minerals, 
except the small quantity of water they omtain^ 
must have absolutely the same composition as 
Laugier and Noidenskiold found for paranthine.' 
. Laugier, Gehlenand Thomson obtainedother results, 
aS agreeing very nearly wifli the composition of 1 atom 
of bisilicate of lime^- 2 atoms of silicate of alumina. 

Alone^ in the mattdss^ they give off a little 
moisture, without losing their transparency, which 
tbey retain till they begin to intumesce and fuse 
by exposure to a high temperature. Koupholite 
exhales an empyrevmiatic odour and blackens 
slightly. This is occasioned by most specimens 
from mineralogicai collections having their inter- 
stices, by long exposure to the air, filled with dust, 

» The text in the French translatron, generally very accu- 
rate, is, m this instance, obscure; it is as folbmrs :— '* D'apr^ 
I'analyse de Klaproth, ces fossiles auraient hi composltron chi* 
mique et jusqu*. ^ la petite quatititS d'eau que Lati^gier et 
'Nordenskiold out trouv^e dans le paranthine." 1 have giveM 
the passage^ through the kind assistance of a friend, from tihe 
Germati. t. 



wUdi c^ars by the heat. When this adventitious 
dust is entirely consiuned, the c^stalline laminsp 
of the mistral recover th^ir transparence. Both 
the minerals give a blebby white glass. 

PFith borax fuse readily into a diaphanous glass^ 
which becomes turbid and very difficult to melt 
when saturated. 

fVith salt of phi^spkoms decompose, and leave 
a flawy siHica skeleton. The glass is transparent^ 
md becomes opajme on cooling. 

fFith soda fuse very laboriously, with incessant 
intumescence, into a scarce liquid, transparent glass; 
this result requires a prolonged blast. With a 
large quantity of soda the glass is at last converted 
into a semi-vitreous scoria. 

17. Paranthine, Scapolite} 

(a). Scapolite^ from Paigas. 

Alone, in the matrass, gives off a little moisture, 
but does not lose its traa£|)are^ee. 

On charcoal, not altered by moderate ignition ; 
in a stnmg heat, fiises, intumesoes violently, and 
forms, after the motion has ceased, a colonrless, 
flawy, irregular and semi-transludd mass, which 
is no longer fusible. 

fFith boras fuses, with continufid effiervescence^ 
into a transparent glass. The efiEervescence ensues^ 
even if the assay have been fused sepaiatdy, till all 
i»berMl motion has ceased, befoie it is treated with 
borax. 

< One atom of stlicatd of lime +3 atoms of silicate of alu- 
mina. C. 

T 2 
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• Salt of phosphorus decomposes it in like manxier 
with effervescence. 

JVith soda fuses slowly into a transparent glass,^ 
which a larger quantity of the flux renders difficult 
of fusion. 

With solution of cobalt ^ves a hlue giants. 

(b). ScapolitCi from Malsjo. 

Alone^^t tumsmilkwhite,thenfiisesintoacolottr- 
less glass, rendered turbid by the blebs it contains. 

With borax^ and salt of phosphorus, dissolves' 
with effervescence like the preceding mineral 
: With soda fuses very readily into a diaphanous 
glass^ which a larger quantity of soda neither ren- 
ders intumescent nor infusible. 

(c). ScapolitCf from Arendal (vitreous paranthine 
ofHaiiy). 

Behaves precisely like the preceding mineral. 
, {d). Dipifre, from Mauleon, behaves just like the 
scapolite from Malsjo. Like the rest it gives off a 
small quantity of water without its transparence 
being afi^ed, and appears to be a true scapolite, 
notwithstanding Vauquelin's analysis. 

18. Scolezite} 

AlonCy in the matrass, gives off water, and turns 
milk white; intumesces aiid fuses with difficulty 
into a blebby, cdourless glass. 

With borax, salt of phosphorus, and soda,he^ 
haves like the preceding, particularly the two last. 



1 One atom of tritilicate of IiBi04- $ atoms of siKcatc of 
a)umma-fi of water. C. 
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Remark.^^M. Noidens^Sld &tti^ ambiigdt the 
minerals from Pargas, an anhydrous ; Scolezite 
(See his Bidrag, &c., I. 67.) 
' 19. Mealy zeolite? ^ 

20. Chabasie.^ - 

^l.Stilbite.^ 

22. Laumonite? 

m 

All these minerals behave like scolezite and preh- 
nite; the blowpipe is incapable of detecting, in 
them those differences which belong only to slight 
variations in the proportions of elements of the 
same nature. Laumpnite gives in the first instant 
of frision, a white globule, similar to enamel; but 
by a stronger heat, the globule itself, is converted 
into a semi-transparent glass, with a turbid aspect 
from its Uebby texture. It appears to be a general 
character of the double siUcates of lime and alumina, 
particularly when they contain two, three, or a 
greater number of atoms of alumina to one: of 
lime, to intumesce when they begin to fuse, as we 
have seen in all these silicates from epidote, inclu* 
five, and as we . shall see again in the calcareous 
tourmalines. 



I One atom of trisilicate of lime +3 atoms of bisilicate of 
alumina 4- 3 atoms of water. C . 

* The same as mealy zeolite, but with a double quantity 
(6 atoms) of water. C. 

3 One atom of trisilicate of lime +3 atoms of trisilicate of 
alumina+6 atoms of water. C. 

4 One atom of bisilicate of lime +4? atoms of bisilicate of 
alumina 4-6 atoms of water. C. 
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23. Cifmo^ixmej ChfymberyU ^^^^ Geylon hnd 
Connecticut^ 

Alone^ no change. If preVioittly piilT^dnsed, the 
edge of the cake assumes a vitreowi {^[^pearanee in 
a strong heat, but does not fuse. 

With borax fuses slowly into a traB8][iarent^lass, 
which remains diaphanous at eva^ degree of eatu- 
ration. 

With iaU nf phosphorus fuses slowly^ without 
residuum, into a transparent glassy whidi does ndt 
become opaline on cooUng. 

Soda hafi little action on eymophane ; it causes 
Ho intumescence, the surface of the assay n^rely 
becomes dull. This flux has no greats action on 
the pulveHsed mineral. 

With sohaion of cobilt the cake fi^rmed by 
kneading the pulverised tidinetul devel^)e8 a fine 
blue colour without fusing. 

24. Li&vritef Y^ke, £n>m the isle of Elba.^ 
AlonCi in the mdtrass, gives off water free froiti 

acidity, whidi appears to be merely a ineohanica! 

' One atom of sMb-qiradrirSiIicate of lime + Id atoiiis of 
jsub-quadri-silicate of alumina. C. — This composition^ €d<- 
culated on Klaproth's analysis^ Beytrag, I. 102, does not 
appear to me to be correct.^ I think the lime is not. an 
essential element of the mineral, whose characters accord so 
perfectly with those of a subsilicate of alumina^ that I doubt 
riot we should place it beside dysth^ne in the family of alu- 
minous mineral?. B. 

^ One atom of silicate of lime +4 atones of silicate of prot- 
oxide of iron. C. 



* The reader will probabfy be of tbe sarafB opinloki. C. 
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mixture^ ttooe the ^sp^ot of the mineral is not a& 
fected by its expulsion. 

. On chaireo^ ftim readily iiHo a black globule, 
whidi becomes vitreous in tbe exteri^u: flame; in 
the int^ioff flwue Its surface becomes dull, ma^ it 
acquires tbe property of beiiMg attracted by the 
magnet, i^rovided the globule has not been heated 
to redness. 

fVith boraof dissolves readily in0 a dark, afanost 
opaque glass, coleured by irw. 

With salt of phosphorm decomposes, leaves a 
silica skelet(m, and gives a glass strongly coloured 
by iron. 

IFith soda lievrite fuses into a black glass. On 
platina foil it exhibits traces of nwiganese* 

25. AplomCf calcareous garhet. 

This is another instance of the same crystalline 
fonn extending to «x>mbination8 bo diflferent. that 
their ideutity of figmre cannot justify our oousider* 
ing them as substances belonging to the same 
species ; we shall, however, in tbis, as in the case 
of amphibole, pyroxene a^ad epidote, see all our 
difficulties satis&ctorily removed by Mitscherlich's 
discovery of the isomorphism (rispmc^phisme) of 
certain bases, and the property of isomorphous 
combinations of crystallizing simultaneously, with- 
out being confined to liXed proportions. I have 
already said, that the protoxides of iron and man- 
ganese Ibrm <me self-same class of isomorpbous 
bases with Ume and luagnesia. Mitacherlich has 

shown that alumina, and the peroxides of iron and 

1 
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manganese^ also compose a class of isomorphous bo- 
dies, but whose form is not the same as that of the 
bases of the first dass ; now it is these seven bases, 
just named, which occur in the garnets. We have 
seen that almniniferous garnet is composed of 1 
atom of silicate of protoxide of iron 4-1 atom of sili- 
cate of alumina. But it is dear that each of the three 
bases, isomorphous with protoxide of iron, may be 
substituted for it, without changing the form of 
the crystal. For instance, 1 atom of silicate of 
Ume-l-l atom of silicate of alumina wiU form a 
garnet just as well as. the preceding compound. 
On the other hand, peroxide of iron and alumina 
being isomorphous, the first of these bases may 
take the place of the second ; we can, therefore,, 
again imagine garnets composed of 1 atom, of siU- 
cate of lime+1 atom of siUcate of peroxide of iron. 
These different garnets may occur in nature either 
separately, or crystallized in common, and in all 
sorts of proportions ; and as their localities vary, 
the proportions of their constituent parts will vary 
also, and perhaps in toto, so that two different 
places wiU scarcely ever present the same species. 
This is completely confirmed by experiment. Bu- 
cholz analysed a garnet from Thuringia, which I 
have not had an opportunity of seeing; his analysis 
gives 1 atom of silicate of lime+l atom of siUcate 
of peroxide of iron. Mdanite, analysed by Klap- 
roth, is formed pretty nearly of 1 atom of silicate of 
lime+1 atom of silicate of alumina, with three 
^toms of siUcate of lime, and silicate of peroxide of 

2 
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iron (equivalent altogether to 1 atom of silicate of 
alumina-|-S atoms of silicate of peroxide of iron +4 
atoms of silicate of lime), and there is no reason 
for supposing that the combination which' takes 
pla(^ in this instance between the two double sili- 
eatesy is more intimate or more chemical than 
those which Mitscherlich formed at pleasiu'e in his 
beautiful experiments on the simultaneous crystal- 
lization of isomorphous sulphates, with variable 
proportions of the different sulphates. According 
to Murray's analysis of Dannemora garnet, it is 
composed of three others, which are, respectively, 
1 atom of silicate of lime-f-l atom of silicate of 
alumina...! atom of silicate of protoxide of man- 
ganese-fl atom of silicate of alumina... and 1 atom 
of silicate of protoxide of iron+1 atom of silicate 
of alumina. The analysis of a deep brown garnet, 
from Longbanshytta, {Rothoffite^) by Rothoff, 
teaches us that it is formed of two others, namely, 
1 atom of silicate of lime+1 atom of silicate of 
peroxide of manganese... and 1 atom of silicate of 
lime-4- 1 atom of silicate of peroxide of iron, the 
second being nearly in three times greater quantity 
, than the first. What I have said is sufficient to 
show how it is that garnets diflfer so much from 
one another in their chemical composition. As 
this composition almost always varies with the 
places they come from, it seems to me more con- 
venient to distinguish them by their localities, 
than to invent peculiar names for each variety. 



' . 
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Hrhidi in thae would fiMrm a very Img ]isi^ na^ 
lesdy burthensmne to the menioiy. 

(a). Block garnet, horn Frescaid. (Mdaiute.) 

Alone fuses without foam into a bk^ biifiiavt 
globule. 

fFith bora.r fmes slowly and difficukly into a 
glass coloured by iron. 

JVith salt of phosphorus decomposes slowly, aed 
leaves a silica skeleton. The tint firom iron disap- 
pears on cooling. 

IVUk soda fiises into a black glass ^obule ; an 
increased dose oi the flux renders it more difficult 
to liise; nevertheless^ it still does fuse after the 
excess of soda has beai absorbed by the charooaL 
On platma foU it shows traces of manganese. 

(jS). Green garnet, from Sala. 

Fuses, with strong intumescence^ into a blade 
t»illiant glass. 

fFith borax and salt of phosphorus behaves like 
the preceding. 

lyUh soda decomposes and intumesoes, but af- 
terwards fiises into a black iHilliant globule. On 
platina foil exhibits traces df manganese. 
^ (y). Clear brown garnet, from Dannemooca. 

Fuses readily without intumescence into a Uack 
brilliant globule. 

IVith borax ftises into a transparent glass, which 
in the oxidating flame assumes a false amethyst 
colour, and, in the reducing flame, the green ^low* 
characteristic of iron . 
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fVlth 4dlt 0f phosphormfheh&^es fike the pre- 



fVitk soAt^ at first becoixies green, then intu-^ 
in^ees and fuses int^ a liaik globule with metaU 
lie lustre. 

(<^. Deep bre^fi ^ Mack garnet, fro*A L<mg-« 
liajishytta. (Rothoffite.) 

jikme fijuses with difficulty into a blacky dull, 
cr semi^vitreous globule. 

fFith borax fuses with difficidty into ^ ^k 
gireen glass* 

With Mk of phasphdrus behd^ves like the pre- 
ceding minerals. 

fFiik soda fiuBes with difficulty into a black glass. 
On platina foil Rothoffite shows that it is much 
loaded with mangknese^ 

(i). Red garneU ftt>tti the limestone quarry at 
Kulla in Finland; Romanzowite. 

Alone becomes brown by heat without losing its 
transparence ; fiises with slight intumescence into 
a greenish, bleUby gki^ globule. 
ii With bor4i^ dissolves with extreme difficulty. 
With a proloiKged blast it first becomes green on 
the edges, then in the ^central part, which now 
i^hisies with a more intense green colour than the 
surrounding glass ; at length it totally fuses. 

With 4aM of phosphorus as with the preceding 
minerals. 

With soda intumescii^s and :&ises into a green 
glass, which more soda tetiders difficult to fuse. 
On the platina foil gives traces of manganese. 
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Remark. — This garnet much resembles the es- 
sonite from Ceylon, both in aspect and composition. 
According to Nordenskiold, romanzowite is com- 
posed, of 1 atom of silicate of peroxide of iron -f 3 
atoms of silicate of lime -|- 5 atoms of silicate of 
alumina ; and the analysis of Klaproth gives the 
composition of essonite from Ceylon as 1 atom of 
silicate of peroxide of iron +4 atoms of silicate of 
lime-f 5 atoms of silicate of alumina, l^th occur 
in limestone. 

(^). AlhchrditCy from Berggieshiibel, in Saxony. 

Alone frises easily without intumescence into a 
black brilliant glass. 

With borax frtses easily into a glass coloured 
green by iron. 

With salt of phosphorus and soda behaves like 
the preceding minerals. On platina foil gives slight 
traces of manganese. 

26. Essonite. 

(a). From Cejflon, Kaneelstein. 

Mone does not turn brown by heat ; fuses readily 
into a glass, which at first has the same colour as 
the mineral, but afterwards becomes greenish; 'in 
both cases it is transparent. 

With boras frises readily : into a transparent 
glass, very slightly coloured by iron. 

With salt of phosphorus behaves like the pre- 
ceding. 

With soda fuses into a green glass, which a 
larger dose of the flux converts into a difficultly 
fusible grey scoria. / . 
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{b). FromBrasit. 

Its dark r^ colour does not becomedarkerbyheat; 
fiises readily into a black globule with a metallic 
surface, but not very attractable by the magneti 

fFith boras fuses with the greatest facility into 
a glass coloured by iron. 

With salt of phosphorus decomposes like the * 
other garnets. 

With soda decomposes; a very small . quantity 
of soda gives a black glass, a larger quantity con- 
verts it into an infusible scoria. 

27. Idocrase. Haiiy has separated this mineral 
and the preceding, which differ from the garnets 
in their primitive form, into two distinct species. 
They are, however, but mixtures of the same sili- 
cates in different proportions, and what we . have 
said respecting garnets applies to them. Time 
will show if any other essential difference besides 
form exist between them. 

{a). Vesuviariy from Vesuvius and Fassa. 

Fuses very easily, with intumescence, into a dark 
glass, which, in the exterior flame, becomes yellow 
and transparent 

. With borax frises easily into a diaphanous . glass 
coloured by iron. 

With salt of phosphorus decomposes easily, and 
leaves a silica skeleton. The glass becomes opaUne 
on coolingl ' 

With soda vitrifies with greater diflBculty than 
the garnets ; a fresh quantity of soda converts the 
glass into scoria. 
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Remark. — ^The facility with whi<j| ikid klocralBes 
diflfsolve in thorax and glass of phosphcHrcijiy is con- 
nected with their property of tntnmescing at a; 
certain temperature, for when this takes place in 
presence of the fluxes, it affords the latter a greater 
number of channels by which to penetrate into the 
• inteiimr of the assay, and thus enables them to act 
at once on an increased number of points. As to 
the difficulty with which the idocrases dissolve 
with soda, it nuist he attributed to their contain-^ 
ing much less iron than the garnets. 

(&). Egerane, from Egra. 

Fuses with intumescence, but without firrt be^ 
ooming opaque, into a greeiiish, blebby glass. 

With the Jltuces behaves like the preceding. 

(c). LoboitCy magnesian idocrase, from Gc&um 
aaad Frugord. 

Ahne becomes claque, splits, and then fiises 
readily, with intumescence, into a green or yel* 
lowish globule, which seems to be composed of 
heterogeneous parts* 

With borax fuses almost instantly with slight 
intumescence. 

With soda and salt of phosphorus behaves like 
the preceding minerals. 

(d). Cyprincy cupreous idoerase, from TdQemar- 
ken, in Norway. 

A moderate ignition does not alter its fine bfaie 
colour. Whilst hot it appears black, butJt be- 
comes blue again on cooling. It fuses easily, with 
violent intumescence, into a blebhy globule, whicjh 



is Uack in the cxKidating iSame, but in the reduds^ 
exhibits a red colour^ derived frinn protoxide iof 
copper. 

With boras fuses easily into a diaphaiioiifi jgksis^ 
which in the oxidating flame becomes green. In 
the redudng flame it becomes colourless, and, if 
not sufliciently saturated mth cyprine, the effect 
of the copper cannot be developed without the 
addition of tin. 

With salt of phosphor m decomposes immediately, 
the assay intumesces, and forms a flawy mass, which 
is green when cold, and becomes red on the surface; 
in the interior flame, A large quantity of the ealt 
devdopes the green coloor of eiqvpa*^ but the reA 
can only be obtained by the help of tin* 

With soda a black glass, which takes a lar^^er 

the assay gives a good deal of copper. 

Remark. — Mitscherlich has shown that oaade of 
copper belongs to the fiame c^s of isomorpbous 
bases as lime, magnesia, protoxide of iron, &c.; 
but instances of the su^titation of the former for 
either of the others are extremely rare in the mi- 
neral kingdom. • Gjrprine, however, is one of them. 

28. Pyrope. 

{a). Pypope^ from Ceylon, 

Becomes brown by heat, and, at last, black and 
-opaque ; if we now sufier t^ assay to cool, and 
watch its appearance whilst coofii^ by dayGght, 
we may perceive it become suceessively dark green, 
fine chrome green, and colourless ; and, lastly, the 
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fine fiery red that distingiiishes it in its natural 
state, re-appears in fiiU vivacity. It fuses vdth 
difficulty and indthout intumescence, into a bril-^ 
Kant black glass. 

With borax fiises into a chrome green glass, 
the beauty of whose colour depends on the degree 
of saturation. 

With salt of phosphorus decomposes as slowly 
as possible, and leaves a silica skeleton. Before 
the assay decomposes, the glass assumes, a green 
colour. The assay retains its original state and 
red colour for a long time, till at last it is gradually 
converted into the silica skeleton. The globule 
becomes opaline on cooling, and assumes a chrome 
green colour. 

With soda the assay decomposes, but does not 
dissolve, at least only in very minute quantity. 
The result of the decomposition is a red brown 
globule composed of scorite. 

(h). Bohemian Pyrope. 

Becomes black and opaque by heat; seen by 
«ft.eted light. duAg ir«K,li4 H itat .ppeJ 
dirty yellow ; immediately afterwards it becomes 
red ; lastly, it recovers its original colour. . 

With borax fiises into a glass strongly coloured 
by iron, without any notable mixture of chrome 
green. 

With salt of phosphorus behaves like the pre- 
ceding, but gives a lighter green colour. 

With soda behaves like the preceding* 

29. Axiniie^ ThumSrstem^ from Dauphiny. 
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Ahme iBtumedces and fuses readily, imto a dark 
green glass, which blackens in the exterior flame. 
The bl^ oolcHir is devel<^ed by the peroxide of 
matigan^se. 

fVith borax fiisies readily into a glass coloured 
by ircm, but whi^h in the exterior flame assumes 
an impure amethystine tint. 

With salt of phosphorus decomposes with the 
eoin^QA ptkQdo^QNei^a. 

, With' so4^ fir6jt becomes green>' then fuses into a 
black ^ass ^i^th an almost metallic lustre. 

30. jdnthophj/lUtCf from Greenkud. 

Alone unalterable and infusible both in fragment 
and' in powder. ' ^ 

With borate fuses with difficulty into a glass 
jCQlouyied: by iron. 

With iak of phosphorus decomposes slowly, 
and leaves a silica skeleton. 

With soda fiises with difHculty into a sccxriaceous 
mass ; gives no trace of manganese. 

311 Gehlemte, from Monzoni, in the Valley of 
Fajssa,^ 

Alone^ n^ change. 

With borax dissolves with extreme difficulty 
into a glass ^intly coloured by ;iron, * 

With salt, of phosphorus becomes gradually 

> Two atoms of silicate of lime -{-1 atom of subsilicate of 
alumina; about -^ of the latter is replaced by subsilicate of 
peroxide of iroD. The formula calculated on the authority 
of Fuchs. C. 

U 



2d0 PYROGSrOStIC CITAHACTEUS 

transparent on the edges, and dissolves entirely 
without previous intumeseetice. 

fVith soda intumesces, but does not fuse. 

With solution of cobalt gives a dark, impure blue.^ 

With boracic acid fuses into a transparent glass, 
coloured green by iron j gives no phosphnret by 
the addition of metallic. iron. 

32. Cerincy from Bastnas.^ 

AlonCi in the matrass^ gives off a little water 
without altmng its appearance ; the Water cannot, 
therefore, constitute one of the chemical elements 
of the mineral; fuses easily with intumescence 
into a black, shining glass globule. 

With borax fuses easily into an opaque black 
glass, which becomes blood red in the exterior 
flame, and retains that colour whilst hot, but 
changes it for a more or less dark yellow when 
cold. In the reducing flame, the glass exhibits a 
fine iron green colour. It does not become opaque 
by flaming. 

With salt of phosphorus decomposes, and leaver 
an opaque silica skeleton. Whilst hot, the glass 
exhibits the colour indicative of iron, but becomes 
colourless and opaline on cooling. 

With soda fuses into a black glass, which is not 
rendered less fosible by a larger quantity of the flux. 

' The formula gives 1 atoixi of silicate of lime -f 2 atoms of 
silicate of alumina^ mixed with a considerable quantity of 
silicate of protoxidie of cerium, and silicate of protoxide of 
iron. C. 
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Remark. — I have not had an opportunity of 
assaying the allanite of Thomson by the blow- 
pipe. I conceive it must behave very much like 
cerine.^ 

* By the kindness of Mr. Heu]and» who neglecU no oppor^^ 
tunity of assisting experimental research^ I am enabled to 
supply the deficiency. That gentleman had the goodness to 
furnish me with two small imperfect crystals of aUanite> from 
Alluk, near Kakasoeits, in South Greenland, which he received 
from Sir Charles Gieseck^, and which are unquestionably of 
the same species as that analysed by Dr. Thomson. . The 
following are the results of my experiments. 

Alone y in the matrass, decrepitated slightly^ and gave o£P 
moisture, which condensed into drops of pure water. The 
colour of the assay became lighter, and somewhat greenish 
yellow on the surface. 

In the jAatina forceps a small fragment, with a very thin 
edge, merely became greenish yellow on the surface, but did 
not fuse with a very intense heat continued for a considerable 
time. On charcoal, same effect. 

When pulverised, it was equally infusible. 

Remark ,'^lii this respect the specimen I examined differs 
from the allanite which Dr. Thomson analysed, who states it 
to have frothed before the blowpipe, and melted imperfectly 
into a black scoria. 

With borax^ on the platina wire, a small fragment of the 
assay was very little acted on; it revolved rapidly in the 
globule, slowly diminished in bulk, and became white; the 
glass was perfectly transparent, and presented a very light 
fine yellow colour. In the reducing flame, the remainder of 
the globule dissolved, glass still transparent, and green on 
cooling. When in powder, the assay dissolved on platina 
wire pretty readily ; in the exterior fiame, the glass^ quite 
saturated, had a rather dark yellow colour whilst hot, which 
became lighter on cooling, was transparent, and could not be 
made opaque by flaming. In the reducing flame, the globule 

U 2 
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• 

33. Orthite, from Finba and Gottliebsgong.* 
Alone^ in the matrass, gives off water, and at * 
high temperature its colour becomes clearer* 

became opaque from excess of the assay, and dirty yellowish 
brown. With a furth'er quantity of the flux, in the exterior 
flame, the oi^gtnal .yellow colour re-appeared, which^ in the 
reducing flame, assumed a somewhat greener tinge, but* 
experienced no other change. 

With salt of phosphorus, little action on a fragment of thd 
assay; glass at first yellow; when cold, nearly colourless,' 
with a very slight tint of green, and containing a rather 
compact silica skeleton, ci a light reddish colour. The' 
pulverised assay fused readily into a light bluish green glass, 
alttiost colourless on cooling. With the assay in excess, the 
glass became opaque and dull reddish purple. A fhesh 
quantity of the flux restored the original colour. In the 
reducing flame, the colour became light dirty brown whilst 
hot, but OH cooling le^assumed the bluish green. 

With soda, on platina wire^ or charcoal^ no sensible action 
on a fragment of the assay, and scarcely more when pulverised ; 
globule opaque and almost white, very slightly inclining to 
bluish green, which, in the reducing flame, disappeared ; the 
globule became grey- white, scarcely inclinil^g to reddish, 
bubbled considerably, projected little ignited particles, and 
gave off elastic matter, which burnt with continual flickering^ 
and enlargement of the flame of the lamp, whilst the mass 
rapidly diminished in volume till hardly any thing was left on 
the wire. 

With soda, on platina foil, no tr^ce of manganese. 

Some other specimens which were given me forallaoite,^ 
presented precisely the same phenomena as Berzelius obtained' 
with cerine, except that with soda they gave, in the exterior 
flame, a dirty brown opaque mass containing black particles' 
of the assay dispersed through it, instead of the black gltf^s^" 
They also gave less water when heated in the matrass than- 
pure allanite, and their appearance « as not altered by the 

1 
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4/0^9 on charcoal, intumesces, becomes yellow 
hxqymi ani at length fuses, with a brisk bubbling, 
ii^ito a black, blebby glass. 

fVith borax dissolves readily. The glass, whilst 
hot, is blood-red ; when cold, it is yellow, in the 
reducing flame, it assumes an iron tint. 

With salt of phosphorus decomposes readily 
with the usual phenomena. 

With sjoda intumesces ; with a very small dose 
of soda the assay fuses ; with a larger quantity it 
swells up, and is converted into a greyish yellow 
scoria. On the platina foil, traces of manganese 
.are visible. 

34. Pyrorthite, from Korarf.^ 

Alone^ in the matrass^ first gives off a very large 
qusintity of water, the last portions of which are 
yellowish, and have an empyreumatic odour. The 
residual matter is as black as charcoal. 



operation. All these specimens were, 1 believe, from Sweden, 
except one which was from Iglorsoit, in South Greealand, 
a new lo(;aIity of allanite discovered b/ Gie^eck^, from whom 
Mr. Heuland received it. It is in a qua,i:tz matrix, on gneiss, 
and appears to be crystallized in rhombic prisms. C. 

' One atom of silicate of lime + S atoms of silicate of alu- 
mina + 2 atoms of water, mixed with the silicates of the prot- 
oxides of cerium and iron. C. 

^ One atom of silicate of lime 4 3 atoms of silicate of alu- 
mina + an unknown number of atoms of water ; it contains 
nearly -j- of its weight of carbon, and + of its wftight qf water, 
besides a notable quantity of silicate of protoxide of cerium, 
witih fiioaller quaotitie9 of the silicates of the protoxides of iron 
and manganese, and silicate of y ttria. C. 
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Heated moderately on charcoal, and then to 
redness at one point, it takes fire, and continues 
to shine by itself without flame or smoke. If we 
collect several small fragments into a heap, or, 
having reduced the mineral to a coarse powder, 
form it into a little conical loaf, the combustion 
will ensue in a still more lively manper. A gentle 
blast makes the phenomenon more distinct. After 
roasting, the mineral is white, or grey-white ; its 
tint then varies with the nature of the little pieces 
operated on, and sometimes incUnes to red. These 
little pieces are so porous and light that we can- 
not keep them on the charcoal during the blast. 
Between the forceps, they fiise with difficulty into 
a black glass with an unpolished surface. 

fVith borax pyrorthite fuses readily into a glass, 
which presents the same phenomena as are shown 
by the preceding mineral with the same flux. 

With salt of phosphorus dissolves with difficulty. 
The porous piece remains on the surface of the 
globule, whilst it is in fusion, and sinks into it as 
it cools ; if we heat it afresh, the porous assay re^ 
appears on the surface. 

With soda the phenomena are the same as those 
with orthite, 

7, Strontium. 
1. Sulphate of Strontita.^ 

I One atom of strontita 52+1 atom of sulphuric acid 
^0 = 92. C. 
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The crystallized mineral decrepitates ; sulphate 
t>f strontita fuses on charcoal, in the exterior flame, 
into a milky white globule, which, before the in- 
terior flame, spreads over the charcoal, decomposes, 
becomes infusible, and leaves a hepatic mass ; after 
it is cold, this mass, when held near the nose, has 
a sUght odour of rotten eggs ; its flavour is hepatic 
and caustic: on platina foil it dissolves in great 
part in muriatic acid ; if the solution be evaporated 
to dryness, and the salt be laid on a narrow slip of 
paper, moistened with alcohol, and set on fire, the 
flame in contact with the salt will be coloured red. 
This pheuGonenon ensues even with sulphate df 
baryta if it contain strontita. 

With bora:v fuses with efiervescence into a 
transparent glass, which becomes yellow or brown 
on cooling, and opaque if the proportion of sulr 
phate be considerable. 

With salt of phosphorus behaves like stsontita. 

With soda swells up, decomposes, penetrates th^ 
icharcoal, and forms a strongly hepatic mass. 

With soda and silica gives a glass coloured by 
the hepar. 

With fiuor spar fuses into a transparent glass, 
which becomes enamel white on cooling. 

2. Carbonate of Strontita. (See Strontita, p^ 
78) 

8, Barium. 

1. Sulphate of .Baryta} 

> One atom of baryta 78 + 1 atpiu of sulphuric acid ^^ 

lis. C. 
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The crystallizod sulphate decrepitates violently; 
ftises with extreme difficulty, oi* merely becomes 
rounded on the edges. Its very £fficult fiision 
serves at once fo distinguish it from sulphate of 
istrontita. In the intmor flame it decomposes, and 
gives fiulphuret of baryta, which, when moisttM 
exhales a slight hepatic odour ; its flavour is hepatic 
and piingent. In other respects, it behaves like 
sulphate of strontita, except that its muriate does 
not colour the flame of burning alcohol red. 
With fluor spar. (See Sulphate of Strontita.) 
Remark. — Since the sulphates of baryta and 
strontita, in tiiese respects, resemble anhydrous 
gypsum, it is necessary to distinguish these three 
substances from one another : — 1st, the sulphates 
of baryta and strontita are much harder than 
gypsum ; 2dly, gypsum and sulphate of strontita 
are much more fusible than sulphate of baryta; 
the two former are about equally fusible. The 
trial by muriatic acid and alcohol will distinguish 
gypsum from sulphate of strontita. 

2. Carbonate of baryta. (See Baryta^ p. 76.) 
8. Harmotome^ from Kungsberg and Oberstein.^ 
Alone, in the matrass, gives off water, and be- 
comes opaque. 

_ On charcoal fuses easily, without intumescence, 
into a diaphanous glass, free from blebs. 

' Klaproth's analysis of harmotome, on which the fbraiula 
is calculated, gave, silica 49, alumina 16, t»aryta IS, water 15. 
Jameson. It is represented as consisting of 1 atom of quadri*' 
silicate of baryta .+ 4 atoms of bisiiicate. of alumina + 7 atoms 
of water. C 
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" ff^ith boraw fuses wilii great difficulty iixto a 
colourless glass. 

- fVith salt of phosphorus, deeompo&os, leaves a 
silica i&dston, and gives a traBspareixt glass, .which 
faebomes opaiiiie oil cooling. 

JVith a small quantity of soda gives a penna, 
nently transparent glass. Witli a largcj: dosc.the 
glass becomes opaque on cooling, and milj^ .white 
hy flaming. 

IVUh solution of cobalt the fused edges arc bliie. 

« ^ , 

9. Lithium. 

A. Amblygonite^ from Chursdorf, in Saxony; 
double «ub-phosphate of alumina and lithia, con- 
taining fluoric acid. (1 had the specimen, used in 
these experiments, from M. Breithaupt.) 

AloHCy iii the rHatras^^ gives off a little moisture ; 
in a good heat the water b^mes acid, and attacks 
the glass. 

On charcoal fuses very easily into a clear glass, 
which becomes opaque on congealing. / 

With borax fuses readily in any proportion into 
a transparent, colourless glass. 

With salt of phosphorus im^ instantly, without 
tesidiitilh, into a transparent glass. 

With a little soda fuses.; vyith a larger dose of 
the flux intumesces, and becomes infusible. 

With boracic acid and iron gives phosphuret 
of iron. 
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2. Triphane, Spothtmhie, from Uto, and the 
Tyrol.' 

Alone, in the matrass, gives off water, and be- 
comes more turbid and whiter than it was at first. 

On charcoal intumesces like the double silicates 
of lime and alumina, and afterwards fuses into a 
colourless, almost transparent glass. 

fVith boraa; intumesces, but does not fuse easily ; 
the tumified mass becomes transparent and globu- 
lar, but for a long while remains undissolved 

With salt of phosphorus intumesces in a similar 
manner, decomposes pretty readily, and leaves a 
silica skeleton. 

With soda swells up and fuses into a transparent 
glass, which, although rendered opaque by a larger 
quantity of ^oda* does not thereby become difficult 
of fusion. 

With solution of cobalt gives a blue glass. 

S. Petaiite, from Uto.* 

Behaves in all respects like feldspar (which see). 

4u Tourmaline, from Uto.^ 

{ay Red, and clear green. ^ 

jilone turns milk white^ intumesces a little, spUts 

* By the fonnula, calculated on Arfwedson's analysis, it is 
composed of 1 atom of trisilicate of lithia + 3 atoms of bi- 
silicate of alumina. C. 

^ Also from A rfviredson's analysis; 1 atom of sex-silicate 
of lithia + S atoms of trisilicate of alumina. C. 

3 One atom of -silicate of lithia -f 9 &toms of silicf^ of 
alumina? On the same authority. C. 
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obliquely, does not fuse, but becomes scoriaceous 
on the surface. 

With borax first effervesces slightly, turns 
milky white, and then fuses, slowly and with diffi« 
culty, into a transparent, colourless glass. 

With salt of phosphorus the effervescence, co- 
louring and solution take place in the iSame manner, 
and without the assay dividing ; at the same time 
its bulk diminishes. The glass produced becomes 
opaline on cooling. 

With soda fuses with extreme difficulty into an 
opaque glass. On platina foil it assumes a dark 
green colour. 

{b). Clear blue, finely striated. 

Alone intumesces a little, whitens, does not fuse, 
but becomes scoriaceous on the surface, and blebby 
in the part most strongly heated. 

With borax fuses pretty easily, with effer^ 
vescence, especially if too much of the assay be not 
added at once, into a diaphanous glass. 

With salt of phosphorus intumesces and effer- 
vesces; the skeleton cUvides, and afterwards in great 
measure dissolves. The globule becomes opaline 
on cooling. 

With soda fuses with difficulty into a dark glass, 
whose fusibility is diminished, but not destroyed, 
by a further quantity of soda. On the platina foil 
traces of manganese are perceptible. 

(c). Dark blue, in large crystals. Indigolite. 

Alone swells up very much, particularly longi- 
tudinally, so that in this direction it increases to 
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iiearly three times its original dimensidns ; 1}ut the 
increase of volume only taking plaee on .one side, 
the assay becomes curved, and rolls oyer ; t^t the 
same time it is converted into a black storia. 

With the fluxes behaves like the |)r€ceding 
mineral. 

Remark, — The varieties b and c appear to result 
from a mixture of the lithium-tourmaline with that 
species of tourmaline, which I have placed further 
on in the potassium family. 

5. Lepidolite, from Rosoena, and Uto. (Ldthion- 
glimmer.)?^ 

Alone^ in the matrass, gives off water, which^ 
if the heat be pushed to redness, is sensibly loaded 
with fluoric acid, yellows brazil wood paper, and 
dulls the glass here and there by the silica it de- 
posits on its surface. 

On charcoal intumesces and fuses very readily 
into a transparent, colourless, blebby glass globule* 

fFith borax fuses readily, and in larfi^e quantity, 
into a transparent glass. 

TVith salt of phosphorus decomposes and leaves 
a silica skeleton ; the globule becomes opaline on 
cooling. 

TVith soda fuses readily, with intumescence^ into 
a slightly blebby transparent glass. 

IVith solution of cobalt becomes blue in fusing 

^ Professor C. Gmelin, of Thubingen, found Jithia and 
potassa-in this mineral. If the difference between it and 
common mica be owing to its containing lithia, the presence 
of potassa may be derived from a mixture of common mica. B. 
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With boraeic ticid and iron gives no pliofepiiuret 
of iron. 

10. Sodium. 

1. Sulphate of soda} 

Alone, in the matrass^ fuses in its water of 
crystallization, which evaporates. The dried salt 
fuses oii charcoal, penetrates it, and is conv^ed 
into sulphuret. -r* 

Fused with soda it passes into the charcoal, by 
which it is distinguished from salts with earthy 
bases. With soda and silica, it gives a glass co-^ 
loured by the liepar. 

2. GlauberitCy from Villarubta, in Spain, f 
am indebted t6 M. Brongniart for the specimefif 
used in these experiments.^ 

Alone, in the matrass^ decrepitates violently, 
and gives off a very little water. In an incipient 
red heat it afterwards fuses into a transparent glassy 
which gives off no volatile substance. 

On charcoal whitens on the first impulse of the 
heat, and then fiises easily into a clear globule, 
which loses its transparence on cooling. In the 
reducing flame, it fixes and becomes hepatic. The 
sulphuret of soda penetrates into the charcoal, and 
the lime remains on the surface in the form of a 
very porous white globule. 

' One atom of sulphuric acid 40 -f 1 atom of soda 32 -f JO 
atoms of water 90 = 162. C 

* One atom of sulphate of soda 72+1 atom of carbonatis 
of lime 50 = 122. C. 
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fTith borax dissolves with brisk effervescefioe ; 
the mass is absorbed by the charcoal. 

fFith salt of phosphorus ftises with efiervescence 
into a nulk white glass. 

fFith fluor spar fuses like gypsum. 

With soda is decomposed ; a hepatic mass passes 
into the charcoal, and the lime remains on the sur- 
&ce. With soda and silica forms a glass coloured 
by the hepar. 

3. Sea salt} 

Alone, in the matrass, decrepitates, and gives 
off a little water. 

On charcoal Aises and is absorbed, with the 
disengagement of fumes. On the platinafoil fuses 
into a diaphanous mass, which loses its transparence 
on congealing. fVith salt of phosphorus, impreg^ 
nated with oxide of copper, we obtain the fine 
blue flame characteristic of muriatic acid. With 
soda, on platina foil, it dissolves without becoming 
turbid. 
. 4. Borax or Tincal. 

Intumesces like borax, carbonizes, gives off an 
empyreumatic odour, and then fuses into a trans- 
parent globule. 

5. Cryolite, from Greenland.* 

I One atom of sodium 24« + 1 atom of chlorine 36 = 60. C* 
^ The analyses of Klaproth and Vauquelin very nearly agree, 
except in the quantity of fluoric acid and water contained in 
cryolite, of which the former found ^O^ the latter 4*7 per cent* 
By Klaproth's analysis, the alumina -is to the soda as 24 : 36. 
The fbrmula, calculated on what data does not appear, gives 
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Alone, in the matrass, ffves off a little water, 
and decrepitates^ but does not lose its transparence^ 

In the open tube, the flame being directed into 
it and immediately on the assay, the glass is strongly 
attacked, and the moisture which condenses in the . 
tube, indicates, by its effects, the presence of fluoric 
add. 

On charcoal fuses into a transparent globule, 
which becomes opaque on cooling. By a continued 
blast) the glai^ flows abroad, the fluate of soda is 
abs(»rbed by the charcoal, and an aluminous erust^ 
remains on the surface. 

Borax readily dissolves a large quantity of ery« 
elite, and converts it into a transparent glass, which 
becomes milk white on cooling. Salt of phosphorus 
produces the same effects. The glas& globule some* 
times assumes a reddish tint from the presence of 
a small quantity of copper. 

With soda fiises into a clear glass, which flows 
abroad, and becomes milky white on cooling. 

With horacic acid and iron we obtain no phos- 
phuret of iron. 

6: Sodalite. 

{a). Sodalite, from Vesuvius/ 

(I had the specimen from M. Hauy.) 

the composition of cryolite as 3 atoms of fluate of soda -f 1 
atom of sesqui-fluate of alumina. C. 

' One compound atom^ composed of an atom of chloride 
of sodium^ with 2 atoms of submuriate of alumina + 4 
compound atoms, each composed of an atom of silicate of 
soda, with three atoms' of silicate of alumina. Calculated 
from Arfwedson's analysis. C. 
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Alom,m the vmtfm8,,^vt^ «o ttaoetr <rf;Wrtten 

On. charcoal^ no efaaage ; *httt^' Vy a very ptj^fer- 
ftl blasts ite edg€» beeiiftQe routidedf .^t^ 
mescaic^ or the formatiou of bubbles, rad witbeift 
. the assay losing ite tranepeteiice. ; 

Ji^ith borax fiiseis'm stiiall quabtity^ iad with 
extreme difficulty, into a transparent, colouilesd 
gJass. .:.••.'.'•. 

With salt of phosphorus does not intifinfe^efe; 
fiises with difficulty m small quantity" witbout bfer 
iag decomposed.. The glass beccHifes opaline on 
cooling. 

With U small quantity of soda gives a>ttans- 
pairtot^. glass, snfrrounding an untowhed nuclet6i 
A ;kVger quantity of soda, decomposes the mineraj^ 
csnses it to swell up,* a^d become inliisible. If we 
thai add a further dode of the flux^ ^e intumeseed 
mass fuses into a turbid or opaque, birt. coldurless^ 
^ass.  , 

With solutitm of oohdlt the fused edg^s are 
cokured bluie. . ' > 

{b). Sodalite^ from Greenland.^ . ! , , 

(The specimen was given me by M, Gotrdier,) 

Alone, in the ?Wff*r«**,giMes off a^ little .water, 
but the appearance and tratisparenee o£ th6 mlideral 
remain unaltered. 

On charcoal fuses with very brisk intunaescence 
and ebullition, into a distorted, coloiurless glass. 

' The formula, calculated from Thomson^s analysis, gives 
1 atom of silicate of soda + 2 atoms of silicate of alumina. 
By the ? annexed, the author^seeois doubtful of its accuracy. 
C. 
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fFith boras bdhaves like the preceding. 

fVith salt of phosphorus decomposes with the 
^eatest difficulty. After having continued the 
blast for some time, the edges of the assay become 
siliceous. The glass turns opaline on cooling. 

JVith soda vitrifies much more difficultly than 
the vesuvian sodalite. The glass is opaque. 

IVith solution of cobalt behaves like the pre- 
ceding. ^ 

7. LapiS'Lazuli The specimen used in the 
following experiments was very pure, and had a 
natural cleavage. I am indebted for it to M. 
Cordier. 

AlonCf in the matrass, gives off a little water, 
without -changing its aspect, or losing its trans- 
parence. 

On charcoal fuses with difficulty into a white 
glass ; in the first moments of fusion the white is 
mixed with blue, but, on continuing it, the colour 
entirely disappears. The unfiised portion preserves 
here and there some blue spots, and becomes dark 
green in the parts near the fused portion. The 
lapis lazuli, whose texture is not lamellar, fuses 
more easily, with slight intumescence.' 

JVith boras fuses with continued effisrvescence 
into a transparent, colourless glass. During the 
solution, the undissolved nucleus shines with greater 
brightness than the glass which surrounds it. 

' Is not this the common lapis lazuli, the lazurstein or 
axurestone of Werner, and the former the lazulite or azurite 
of the same mineralogist ? C. 

X 
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With salt of phosphorus the fiition is also ac- 
companied by a prolonged efFervescence, and the 
same phenomena of ignition ; the solution is com- 
plete, and leaves no silica ; the glass is colourless, 
and becomes opaque on cooling. 

fVith soda fuses partially into an opaque greenish 
grey glass, which, on cooling, assumes a red colour, 
similar to that produced by a hepar. With a larger 
quantity of soda, the phenomena are the tame. 

UciwdfrA.— The eflFervescence with the fluxes, as 
well as the developement of the hepar colour by soda, 
seem to indicate the presence of sulphuric acid. 

8. Mesotype} 

Alone, in the matrass^ gives off water. 

On charcoal the radiated species expands longi- 
tudinally, and the compact intumesces ; both fiise 
afterwards into a blebby colourless glass. The 
mesotype, in large crystals, merely becomes opaque, 
and then vitrifies without intumescence. 

JVith bor-ax fuses with difficulty. The assay 
intumesces indeed with glass of borax, but a por- 
tion remains as a white mass, and requires a very 
long blast for its solution. The glass is transparent 
and colourless. 

With salt of phosphorus decomposes very easily, 
and leaves a silica skeleton. The glass becomes 
opaline on cooling. 

I One atom of trisilicate of soda + 3 atoms of silicate of 
alumina -f 2 atoms of water. By the tables in the Nouveau 
Syst^me, the formula is calculated on Klaproth's analysis, 
Beytr. v. 49. C. 
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ff^ith soda fuses into & transparent glass. 

Remark. — The yellowish compact mesotype^ 
from Miss, in Bohemia^ becomes red before it foses. 
This phenomenon is owing to the mineral being 
coloured by a hydrate of peroxide of iron* 

9. MesoliU^ from Hauenstein, in Bohemia.* 
Behaves like the preceding. 

10. AlbitCy from Broddbo, Pinbo, and Haddau, 
in Connecticut.'^ 

Behaves in all respects like feldspar. (See the 
ltii;icle iielating td that minetal.) 

11. Analcime^ from Fassa, and Etna.® 
Alone^ in the matrass^ gives off water. Thp 

transparent variety beoolnes milky white. 

Oh charcoal^ Mttk change of aspect by a mode^ 
rate heat ; in a stronger heat it becomes transparent, 
and then fhses into a slightly blebby, diaphanous 
glass, without previous intumescence or bubbling. 

With borax dissolves, even in powder, with great 
difBeulty, and leaves an opaque, concrete residuum. 
The vitreous portion is transparent. 

With salt of phosphorus decomposes slowly, and 
gites a slightly blebby skeleton. The glass » 
transparent, and does not become opaline till after 

> The formula seems to be calculated on Gehlen and Fuch*8 
analysis (Nouv. Syst.); it represents the mineral as composed 
c(f 1 atom of trisilicate of soda + 1 atom of trrsilicate of lime 
•f 6 atoms of silicate of alumina + 3 atoms of water. C. 

* Olie atom of trisilicate of soda + 8 atomos of trisilicate 6f 
alamina. C. 

s One atom of bisiiicate of soda 4- S ati>ms of bisilicate of 
alumina + 3 atoms of water. From Rose's analysis. C. 

X 2 
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a long continued blast, ovA even then the effect is 
scarcely perceptible. 

fVith soda gives a transparent glass. 

With solution of cobalt gives a blue glass. 

12. Ekebergite, natrolite from flesselkulla.^ 
AlonCf in the matrass, gives off a little water, 

but its appearance does not change. 

On charcoal whitens, loses its transparence, in- 
tumesces a little, and then fuses into a blebby, colour- 
less glass. 

fFitk borax^ and salt of phosphorus^ dissolves 
with effervescence, precisely like paranthine or sea- 
polite^ 

With soda fuses, like the paranthine from Pargas, 
with great difficulty, into a transparent glass, whose 
greenish colour is developed by iron. 

13. Rubellite^ tourmaline apyre (soda-tourma- 
line), from Siberia and America.^ 

Alone^ in the matrass^ gives off a little moisture ; 
no change of aspect ; the transparent variety gives 
off no water. 

On charcoal turns milk white, intumesces much 
more than the tourmaline from Uto, splits like it 

< From Ekeberg's analysis, 1 atom of bisilicate of soda + 3 
atoms of bisilicate of lime 4-12 atoms of silicate of alumina. C. 

* Red tourmaline. The magnificent specimen of this sub- 
stance in the British Museum, was presented to Col. Sjmes 
by the King of Ava, and afterwards deposited in Mr. Greville's 
cabinet; it was valued at 500/. by the Commissioners appointed 
by Parliament to value that gentleman's collection, previously 
to its being purchased by Government. By the formula it is 
1 atom of silicate of soda -f 9 atoms of silicate of alumina? C. 

7 
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in an oblique transTerse direetiofi, does not fuse, 
but vitrifies on the edges. 

mth boras fiMes earily, akd with efffervescenee, 
into a transparent glass,. in whidi some flocculi, 
that dissolve slowly^ may be seen floating. 

With salt of phosphorus decomposes ]tfetty 
eanly, with effervescence, into an opaline glass, 
and leaves a silica skeleton. 

fVith soda fuses, with great difficulty, into an 
opaque glass. 

Onplatinafoil exhibits the ^ects of manganese 
in an intense degree; the transparent, colourless 
tourmaline, from America, is more particularly re- 
markable in this respect. 

Remark. — We see that the tourmaline apyre is 
more soluble with the flaxes tiian the tourmaline 
from Uto, apparently because the first intumescea 
at a high temperature more than the second, which, 
as we have observed before, favours the penetrari 
tion, and, consequently, the chemical action of the 
solvents. 

11. Potassium, 

1. Polyhalite, from Ischel, in Austria,^ 
Alone^ in the matrass^ ^^es off water, and iti$ 

red colour &des. 

On charcoal fuses into an opaque, reddish yellow 

globule^ whidi, in the interior flame, congeals, 

I One atom of sulphate of potassa + 2 atoms of sulphate of 
lime + 1 atom of sulphate of magnesia -f 4 atoms of watery 
according to Professor Stromeyer. C. 
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whitens, and leaves an empty (G^idi; its flavor iff 
then saline and slightly h^fttlo. 
. fVith biyrax hs&^t with brisk eflferveseeAce, after 
^ somewhat long blasts into a diapham»is glass, 
which, on.oodlin^, becomes dadc red without fosmg. 
its transpaienee^ A large quantity of the aasay. is 
ueeessary &r the glass to beeome opaque dik cogging. 

With salt of phosphorus fiifies inh) a tmfispa»*. 
rent^ colourless glass. The ass^y must he iA I^e 
proportion to render the glass opaque. . 

With soda decMmposes, leaves an earthy imss^ 
which, in the redmng flame, aommes a yeUawisk 
cQlour from a mistwe of hepar. 

With Jluor spar fiises into aa opaque globule. 

L In the tnairass fuses, mlumesoes^ and glve» olT 
water. The diy xdass gives off sulphurous acid ^t 
^ ied heat, but no suUlmiate. The residuum ben 
haves with the fluxes like akinii^. 

8. Aiaumtdn (alum^^oue), £rcan Tol^; Ac* 
cording to Cordier's analysis, it is a siliceous.aubsaIt 
of potassa, alumina, and sulphuric acid, in which 
the oxygen of the alumma is to^ &at of the potassa 
as 15:1. 

Alone, m the matrass^ £rst gives off water ;. in 
a stronger heat sulphate of ammonia sublimes. 

On charcoal, in a strong heat, cottteacts witfacniA 
fttsdng^ 

Wifh iora^ fiises, vAi^ eiB%r03scence, inta a eo^ 

lourlesSj^ transparent glass. 

* 
I Oae.aU]ixaQfsiil]>hateofpotsasa4-^&toiWQf«^ 
alumina -f 24 atoms of iKSter... C* 
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With salt of pho^horus fiises pretty reacRly, 
and leaves a semi-transparent silica skeleton ; the 
glass does not become opaline on cooling. 

With soda does not fuse. 

With solution of cobalt gives a &ie blue. 

4. Saltpetre} 

Alone, in the matrass, gives off a liti^e moistoie^ 
and fuses below a red heat. 

On charcoal detonates at the moment it foses, 
and leaves an alcaline mass in &e charcoal. 

5. Afhphigine, Leucite.^ > - 
Alone, in the matrass, giyes off no yfat&[. 

On charcoal, . no change, nor fusion, even m 
powder. If the pulverised mineral be mixed with 
a v€(ry little carbonate of lime, the mixtuije fates 
very evidently. 

With borax fuses slowly, but in large quantity^ 
Iptp a di^phainoUs glass. 

Salt of phosphorus, has little action on atmpi&i 
gene, either in fragment or in powder ; nevertheless, 
it converts . it into a transpardit globule, havisg 
Qei^ly the samie degaree of fefrai^bility through- 
<Hit, so that no undisfi^lved portion can be perceivefl 
without minute ii»»pection. We may satisfy o&« 
selves of it, by.compres£u&g the liquid globule be< 
tween two cold bodies. 

With soda .fuses slowly^ with effetvescenoe> into 
a transparent, although blebby glass. 

^ One atom of potassa 4^8 + 1 aitom of nitric acid54 s: 102. C« 

* One atom of bisilicate of potassa + 3 atonto of bisilicate of 

alumina. The formula caldulated from Arfwedsonfs analysis. C. 
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TFith solution of cobalt the assay gives a fine 
l>lue» but dpes not Aise. 

6. Meionitep the dioctohedral variety, frjom Ve- 
suvius.* 

AlonCj in a thin spangle, it throws out, at certain 
points, a blebby foam ; the whole mass so(m after- 
l^ards bubbles up, and the bubbling lasts a long 
time. The resiQt is a blebby, colourless glass. 

With borax fuses slowly, with prolonged eiFeiv^ 
vescence, into a transparent glass. 

With salt of phosphorus decomposes with eflfer- 
vescence, and gives a siliceous residuum, and a glass 
which becomes opaline on cooling. 

With soda fuses slowly, with much intumescence, 
intoata:ansparentghi.s. A large dose of soda is 
requisite, and the assay, for a long while, retains 
an opaque side. 

With solution of cobalt merely fiises on the 
edge, which is coloured blue. 

Remark. — These experiments were made on the 
specimen analysed by Arfwedson. (Afh. i Fysik, 
&c. vi. ^55.) I must here infoirm the reader that 
Professor Leop. Gmelin has analysed a substance 
called meionite, whose composition is altogether 
different. (Schweiger's Journal, xxv. p. 86.) 

7. Felspar."^ 

Alone, in the matrass, transparent felspar gives 

' One atom of trisilicate of potassa + 3 atoms of bisilicate 
of alumina. From Arfwedson's analysis. C. 

* One atom of trisilicate of potassa + 3 atoms of trisilicate 
^falamina. From A rfwedson^s analysis. C. 
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•ff no^water. The cracked,- opaque felspar often 
affords a large portion of water, which was contained 
mechanically in the interstices of the miiieraL 

On char coaly in a bright heat, it becomes vitreous, 
semi-transparent and white, and fuses with diffi- 
culty on the edge into a blebby, semi-transparent 
glass. It is a mineral of very difficult fusion. 

fFith borax fuses very slowly, without eflPer- 
veseence, into a diaphanous glass. 

Salt of phosphorus attacks it with great diffi- 
culty ; with the pulverised mineral, it gives a glo- 
bule which becomes opaline on cooling, and leaves 
a silica skeleton. 

With soda the solution is slow, and attended 
with effervescence; it gives a transparent glass, 
very difficult to fuse and obtain free from blebs. 

With solution of cobalt only the Aised edges 
are coloured blue. 

Remark 1st. — The iridescent felspar, from La« 
brador, in America, according to Klaproth's ana- 
lysis, (Beytr. vi. 2S5,) should be composed of 1 
atom of trisilicate of soda 4- 3 atoms of trisilicate 
of lime 4- 12 atoms of silicate of alumina, and 
ought to behave before the blowpipe like paran-* 
thine or mesolite, which have very nearly the 
same composition. But this mineral so fully pre- 
sents all the characters of felspar, in regard to 
fusibility and solubility with the fluxes, that it is 
difficult to imagine it not to be one. May not the 
mineral which Klaproth analysed be a compact, 
opaline scapolite? 
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Remark 2d. — ^Amoiigst the prystalline minerals 
that accompany meionite and nepheline, Werner 
has distinguished one hy the name of Eisspat. 
This fossil behaves in every reqiect like felspar, 
and if, ais Peschier has asserted, it contain soda, it 
follows that it is identical with the albite, oor kitsd^ 
spath, of Hausman. 

8. Elc^oliUy Fettstein, from Frediichsvam, in 
Norway.^ 

Alone, in the matrass, gives off a little water, 
without any change m aspect or transparence. 

On charcoal fuses pretty readily, wilih slight 
intumescence, into a blebby, colourless glass. 

With boras dissolves easHy, ezcq>t a certain 
semi-transparent portion, which, as with mesotype, 
does not fuse at first with the rest, blit requires a 
long continued blast. 

IVith salt .of phosphorus decomposes with the 
utmost difficulty, and leaves a siliceous isdceleton. 
The glass becomes opaline on cooling. 

PTith soda, vitrification extremely laborious. 
The glass is very difficult to fuse and obtain dear. 
. With solution of cobalt the fused edges are co* 
loured blue. 

9* Andalusite, from Fahlun. Felspath apyvew^ 

Alone becomes covered with white i^ots (the 

' Klaproth's analysis gives the very improbs^le composition 
of 1 atom of trisilicate of potassa + 4 atoms of silicate of alu- 
mina. Vauquelin found both soda and potassa in it. In point 
of composition, this mineral appears to be a scapolite, in whieh 
the lime is replaced by alcaline bases. B^ 



rest preserving its colour), and does not fiise either 
in thin spai^le or in pqwder. 
j: IS^ith bofasfme^ with difficulty, oven in powder, 
into a transparent, colourless glass. 

With saM of phosphorus decompose&i wil^ diffi- 
culty, ^nd ahno$t solely on the edges. The trans- 
parent part of the glass is not opaline* 

With soda intumesces and decomposes^ hut does 
not ftiise* The soda penet7ate» the charcoal^ and a 
white mass rt^nwis on the surface. 

fVith boracic acid, and iron gives no phosphurei 
of ircMQt. 

10. Apaphyllitei ichthyophthalmite, from Uto, 
and other places.^ 

Alone, in the matrass, give9 off much water» and 
turns milk white. 

On chareoul splits and dilatep in the direction 
of .the laminae, la a strong heat, swells up like 
hora^, and fuses, with continual intumescence^ into 
a colourless, hlebhy glass. 

JVithbQrM^ fuses easily into a l^anspareait glass. 
The saturated glass becomes opaque by Jlaming* 
• With salt of phosphorus deccnnposes easily, and 
^ves a jsoUca skeleton, whidb usually intumesoes so 
much as to fill the whole globule. 

With soda foses readily into a tiansiMureni glass, 
wluch, with a larger quantity of soda, becomes 
opaque on cooling. 

< One atom of sexsilicate of potassa + 8 atoms of trisilicate 
of lime + 16 atoms of water. The formula calcalated from 
the author's own waeXym. C. 
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11. Haiiynef from Italy. 

Alone, in the matrass, gives off no water. 

On charcoal loses its colour, and fiises into a 
blebby glass. 

fTith borax fuses, with eflfervesoence, into a 
diaphanous glass, which becomes yellow on cooling, 
like the glass of gypsum. The saturated glass 
becomes opaque on cooling. 

With salt of phosphorus fuses with effervescence, 
and leaves a silica skeleton ; the glass is opaline on 
cooling. 

Soda attacks it with difficulty, and converts it 
into a scoria, which is vitreous only at the extremity 
of the most projecting edge, and, on cooling, has the 
led colour of a hepar. 

Remark. — These effects are so much like those 
exhibited by lapis lazuli, that we may presume the 
two minerals are very much alike in composition. 

12. Tourmaline, Schorl (potassa-tourmaline). 
(fl). Black, from Karingbricka. 

Alone, in the matrass, gives off no water. 

On charcoal fuses with very brisk intumescence, 
and whitens. The intumesced portion fuses with 
difficulty into a send'-transparent yellowish grey 
globule. 

With borax fiises easily, with some effervescence, 
into a transparent glass, which, when cold, has a 
slight tinge of iron. 

^ With ^alt of phosphorus decomposes readily* 
with brisk effervescence, and leaves a skeleton of 
silica; the glass globule becomes opaline. 
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fyUh soda dissolves, with mudi jUbour, into a 
difficultly fusible glass, which a further quantity of 
soda makes still more infusible. 

{b). Black, from Bovey, in England. . 

Alone intumesces, and gives a black scoriaceous 
mass, of difficult fusion. Behaves with the fluxes 
like the preceding. 

(c). Green, from Brazil. 

Alone intumesces, blackens, vitrifies without 
fusing perfectly, and, after a good blast, gives a 
rounded, yellowish and blebby scoria. 

With boras fuses pretty easily, with, at first, a 
slight effisrvescence. The glass has a slight tint of 
iron, and holds white particles in suspension, which, 
for a long whUe, resist solution. 

With salt of phosphorus behaves like the pre- 
ceding. 

With soda like the preceding, but the glass is 
rather more fusible. On the platina foil no traces 
of manganese. 

13. Mica. We have here another crystalline 
form, common to a multitude of different com- 
pounds, which often behave very dissimilarly before 
the blowpipe. Nevertheless, mica, as well as am« 
phibole, garnet, &c., is susceptible of a certain 
• general formula, in which it is only necessary to 
replace one isomorphous base by another, to deduce 
those peculiar to different varieties. But this 
chemical formula is not yet exactly known^ and 
we do not well understand to what class of isomer- 
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phous bodies the cbmbiriations it includes T)elong. 
Trisilicate of potassa, combined with several Utomll 
of silicate of alumina, is an essential part of mioa^ 
but with this, silicate of protoxide of iron is always 
combined ; often also, silicate of protoxide of man- 
ganese, and sometimes silicate of peroxide of man- 
ganese. 

We are ignorant how these substances are sub- 
stituted for one another. The principal analyses 
of mica hitherto published, are, besides those of 
Klaproth and Vauquelin, the analjrses lately mad6 
by M. H. Rose, in which he found that all mica 
contains more ot less evident traces of fluoric add^ 
and a small quantity of water. But even these 
results are not <^pable of giving us a clear idea of 
the chemical formida representing mica. Rose's 
analyses indeed would give it, if in the silicates of 
iron and manganese the base were a peroxide ; it 
would then be 1 atom of trisilicate of potassa + 18 
atoms of silicate of alumina, in which we may 
teplace a greater or less number of atoms of 
fiilieate of alumina, by a silicate of peroxide of iron 
or manganese. Biit Rose*s experiments constantly 
proved that forruginous mica, heated to redness in 
a retort, developed a green colour and acted on the 
magnet, without any disengagement of gas indi- 
cating the disoxidation of the presumed peroxide. - 

To these uncertainties are added the differences 
reelecting the polarisation of light by different 
varieties of^ mica, and the remarkable instance ad- 
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duoed by M. Biot, of a very magnesian mica 
which has but one axis, whereas the common 
micas have two. 

As to the phenomena which the different sorts 
of mica present at a very high temperature, M. 
Rose observed that those which contain from 4- to 
1 per cent, of fluoric acid, lose their briUiancy, and 
become dull by ignition in close vessels. The 
others indeed lose their transparence, but they 
assume a semi-metallic, silvery, or golden lustra 
The cause of the tarnishing of the micas that 
contain most fluoric acid, is evidently owing to the 
loss which the surfaces of the laminae sustain by 
the fluoric acid carrying off with it a portion of 
their silica, in the form of silicated fluoric acid. 
It follows from these general considerations, that the 
thicas, like the garnets, must vary with their loca* 
lities, and that it is impossible, from experiments 
on them by the blowpipe, to deduce any distinctive 
character for the species, that may be common to 
all the varieties. I, therefore, proceed to detail 
the phenomena peculiar to some of them. 

{a). Mica, from Broddbo and Finbo.^ Occurs 
in granite. 

Alone, in the mutrass, gives off water at the 
'melting point of glass, which contains decided traces 

* Ooe atom of f risilicate of potassa + 1 atom of trisilicate 
of protoxide of iron 4-10 atoms of sHicate of alumina. The 
formula calculated from Rose's analysis.* C. 

* It contains besides 1'12 per cent, of fluoric acid. B. 

5 
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of fluoric acid. At this heat the mica becomes 
dark greeu» rough to the touch, and dull on the 
surface. Heated to redness in the flame, by the 
blowpipe, it becomes white, or grey-white, and 
retains its brilliancy, but is covered with inequali- 
ties from the intumescence of the substance* It 
splits on the edges in the direction of the laminas, 
and fuses into a blebby, yellowish grey glass. 

fFith borax fuses readily, widi effervescence, 
into a glass coloured green by iron. If previously 
heated to redness in the matrass, the fiision is 
not attended with effervescence. 

With salt of phosphorus decomposes easily, in- 
tumesces so as to form a transparent skeleton, hardly 
perceptible, except by its disturbing the roundness 
of the globule. If only a small quantity of mica 
have been taken, the skeleton dissolves wholly in a 
good blast; but, with a larger quantity, the greater 
part becomes insoluble* The glass gUbule is opa« 
line on cooling. 

fFith soda swells up, and is converted into a 
tumified scoria, at first green,, then grey, of which> 
only that side immediately exposed to the flame, 
fuses into a transparent, slightly green glass. On the 
platina foil gives very decided traces of manganese. 

fFith solution of cobalt gives a black glass. 

(6). il/ic^,firom North America. Occurs in granite. 

Alone, in the matrass, gives off water without 
becoming opaque. At the Aising point of glass, 
it assumes a silvery metallic whiteness ; gives 
scarcely perceptible traces of fluoric acid. 
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On charcoal turns milk white^ and th^ at a very 
high temperatare, fnseft on the extreme ed^ into; 
a white enamel ; the thinnest spangle cannot he 
fused into a globule. 

fFith biyrax fuses at first with slight effer- 
vescence^ afterwards quietly. If previously heated 
red, till it becomes i^mque, it fuses without wy 
efiervescence with borax. 

With salt qf phosphorus in smaU. quantity, 
fuses at first completely. Afterwards deicmnpottes 
with difficulty, and leaves a very small silica skele- 
ton. Ther glass beoomes opaline, but only after a 
prolonged blast. 

ffith sodasLwlnte scwia, that may be fused into 
a transparent glass on the points most exposed to 
the flame. 

fFith solution of cobalt fused edges coloured hhie. 

(c). Mica, from the limestone quarry at Pargas. 
The assay was part of a hexahedral prism. 

Alone, in the matrass, gives off a little water, 
without change oi aspect. In a strong heat gives 
no trace of fluoric add. Preserves its smoky colour 
and transparence even when heated red by the 
blowpipe flame. Fuses easily into sl milk-white 
glass, which may be obtained in a ^bule. The 
unfiised portion of the assay loses nodiing of its 
transparenee. 

fFith borax dissolves readily vnthout the slight- 
est effervescence. The lamina of mica lies quietly 
in the flux, and, retaining its transparenoe, dimi- 
nishes by degrees till it entirely disappears. 
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fFith salt of phosphorus decomposes readily, 
and leaves a perfectly transparent alica skeleton. 
The glass is opaline. 

PFith soda intumesces, turns milk-white, and 
then ftises into an opaque globule, which becomes 
milk-white on cooling. . 

With solution of cobalt gives a clear blue on the 
fused edges. 

Remarh — Did not the exterior form of the 
three last minerals denote that they are micas, it 
would not be natural to refer them to the same 
species, from the phenomena they present with tjie 
blowpipe. The fusibility of the mica from Parg^is, 
and the difficulty, not to say impossibility, of fusing 
that from America, are indications of a very dif- 
ferent chemical composition. These differences 
correspond with those we have observed between 
common schorl and the toiumaline apyre, whose 
composition is also very dissimilar. 

14. Talc. What I have said of the micas, ap- 
plies very well to the talcs, as the following experi- 
ments will show : — 

(a). Clear-green transparent talc, from the 
valley of Bine, 

Alone gives off no water, nor loses its transpa- 
rence by ignition. In a strong heat it exfoliates, 
whitens on the part mpst heated, but does not 
fiise.^ 

' ** All the foliated varieties of this mineral are fusible into 
^^eenkh glass** , Chrke. Gas Blowpipe, p. 54* 
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fVith bar oar fixses easily, and with brisk efier^ 
vescence, into a transparent glass. 

PTith salt of phosphorus fuses easily, with effer- 
vescence, into an opaline glass, and leaves a trans- 
parent siliceous skeleton. 

IVith soda intumesces, and changes into a white, 
semi-fused scoria* 

With solution of cobalt gives- a very pale red 
colour* 

{b). White opaque talc, from> the valley of 
FenestroUe. 

Behaves Uke the preceding, except that it effer- 
vesces less with the fluxes^. 

{c).Translucid greenish talCy from Skyttgrufwa, 
near Fahlun. 

Alone, in the matrass, no trace of water, clears 
a little on the edges, but does not lose its transpar- 
rence by a moderate ignition. In a stronger heat 
it whitens, becomes scaly and rounded on the edge 
into a white, blebby mass. 

With borax fiises, with effervescence, into a 
transparent glass, which, whilst hot, is tinged with 
iron. A portion resists solution at first, but after-? 
wards fuses very slowly without effervescence. 

With salt of phosphorus decxmiposes easily ; 
gives an almost transparent skeleton of silica, and 
an opaKne glass. 

With soda intumesces, and fuses into an opaque, 
difficultly liquefiable glass, which may be obtained 
clear with z certain proportion of soda. In general, 
this glass absorbs a large quantity of it. 

Y 2 
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fFitk solution of cobalt gives a ted od^our, with 
a strong heat. 

Remark. — Thus the species €£ talc foimd in the 
mine at Fablun behave before the Mowpipe. 

{d). White talc, from China ; Agahnatolite. 

Alone, in the matrass, gives off an empyreumatic 
water. The assay blackens, as commonly happens 

On charcoal whitens with heat, becomes scaly 
on the surface, and presents some marks of fnsion 
at the extremity of the most projecting part. 

With borax hehaves like the Receding minerals, 
except that the glass is oolouiless. 

With salt of phosphorus no decomposition. At 
first a brisk effervescence ensues, and the assay di- 
minifies in bulk ; the remainder appears absolutely 
insoluble. 

fFith soda, and the solution of cobalt, behaves 
like the preceding mineral. 
> (e). Black talc, from Finbo, near Fahlun. 

Alone, in the matrass, gives off a large quantity 
•f water, whidi, by igniting the assay, presents 
evident traces of fluoric acid. At a red heat, the 
mineral assumes a clearer colour and a greenish 
tint ; it afterwards frises pretty easily into a black 
glass. 

With borax frises easily, without remarkable ef«i 
fervescenee, into a glass strongly coloured by iron. 

With salt of phosphorus decomposes easily, and 
leaves a skeleton of silica. Whilst hot, the glass 
is tinged by iron ; it becomes opaline on cooling. 
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fFith a little soda dissolves into a black glass^ 
which a larger dose of soda makes difficult to ftise, 
and colours yellowish brown. On platma foi!, it 
prints very dight trace, of manganese. 

Amongst the fossils^ considered as the remains 
of an ancient organization, there are but two whose 
nature can be ascertained by the blowpipe. They 
aie both ahiminous salts. 

1. Ammoniacal alum, from Tschermig, in Bo^ 
henda. 

AknCf m tkenuitrass, gufes off watar and swelb 
up. A sublimate of sulphite of ammonia th^ 
ferms^ the greater part of which is dissolved by the 
water, and sulphurous add is disengaged. After 
ignition of the mass^ the remainder behaves like 
pore alimiina. ELneaded with soda, and gently 
heated on platina foil, it exhales a very seni^Ue 
odour of ammonia. 

SL Mel&U. Melkte of alumina. 

Akme, in the matrass^ gives off water, whitens^ 
and becomes opaque. At a red heat, carbonizes 
without exhalitig any very sensiUe empyreumatie 
odour ; the water condensed ia the matrass is co- 
lourless, and has Wk acid ^ akaline action. 

On charcoal &st> blackens, takes fire, tiien in 
an intefise heat becomes white, and contracts con«* 
siderably ; it afterwards retains its whiteness, and 
behaves like pure alumina. 

jRe;7»6;r At.-— Mellate of irofi has been found lately, 
but I have not yet been able to procure a specimen 
of it for examination with the blowpipe. 
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MINERALS NOT HITHERTO ANALYSED, ANI> 
WHOSE RANK, THEREFORE, IS NOT YET 
FIXED IN THE CHEMICAL ARRANGEMENT. 

1. HehinCy from Schwartzenberg, in the metal- 
liferous mountains of Saxony. Furnished by M. 
Cordier. 

Alone, in the matrass, gives off water, without 
its sulphur-yellow colour, or transparence, being 
altered. x 

On charcoal fuses with bubbling, in the interior 
flame, into an opaque globule, nearly of the same 
colour as the stone. In the exterior flame, the 
fusion is much more difiicult, and the colour of the 
mineral turns to brown. 

With borax fuses slowly into a diaphanous glass, 
which, as long as any portion of the assay remains 
undissolved, is yellowish, and retains a yellow tint 
even on cooling. After complete solution, the 
glass becomes colourless in the interior flame, and 
deep amethyst coloiu* in the exterior ; the tint in 
the latter case is not perfectly pure. 

With salt of phosphorus decomposes easily, and 
gives a siliceous residuum, and a glass colourless 
both cold and hot, but which becomes opaline on 
cooling. 

With soda at first ihtumesces, then fuses easily 
into a black glass globule, which, in the reducing 
flame, becomes chesnut-brown. On platina foiU 
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Iswells up, divides, and becomes chesnat>browii, 
without colouring the soda ; but, with a prolonged 
blast, the whole mass assumes the green colour of 
manganese, and is converted into mineral cameleon. 

JReiwflfr A:.— This mineral is, therefore, a silicate 
of manganese, into which that metal enters as an 
essentia constituent ; whether it contain any other 
base, as lime or alumina, its reactions do not inform 
us. It appears, however, that, iron is not one of 
its essential elements. 

2. Chiastolite, Made, from Britanny. 

Alone gives oiF a little water, without changing 
its aspect; whitens by heat, but does not ^e. A 
very thin cake, made with the pulverised mineral, 
concretes into a mass. 

fftth boras fuses with extreme difl&culty, even 
in powder, into a transparent glass. 

Salt of phosphorus has scarcely any action on 
this mineral, but it becomes colourless and trans- 
parent in the globule. If the pulverised assay be 
added in very small doses, it dissolves in the flux 
without residuum ; but the salt of phosphorus soon 
becomes saturated, and reftises to dissolve a further 
quantity. 

IVith soda the assay decomposes and swells up, 
but neither fuses nor forms a scoria. 

ff^ith solution of cobalt we obtain a blue co- 
lour, whose purity is proportionate to that of the 
assay. 

Remark. — These results show that chiastolite 
is a siUcate of alumina, and to all appearance a 
subsilicate. 
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' ][>HENOMENA 

• > 

DEVELOPED By^ URINAKY CALCULI BEFORE 
^ '" ' THE BliOWPIPE. 

It is very important to medical men to^know the 
nature of the contaetions formed in the urinary 
passages of the patient who applies to them for 
relief. The chemical compoisition of these sub- 
stances is more easily asceitained than is generally 
supposed, and the blowpipe furnishes us, for that 
purpose, with a method of proving them, as simple 
as it is in&IMUe, and which requires no more che* 
mical knowledge than every physician ought to 
possess. 

1. Urinary calctdi, formed of uric acid. 

Heated by themselves on. charcoal, or platina 
foil, they carboniae, fume, and develope an animal 
odour ; in the exterior flame, they continually di* 
minish in bulk. Towards the end of the roasting, 
they bum with increased light ; although we then 
suspend the blast, the matter still continues to 
bum brilliantly, and at last leaves a residuum, 
consisting Qf a vary small quantity <^ strongly al- 
caline white ash. 

As there are other combustible substance^ that 
might be confounded with uric acid, a portion of the 
calculus should be examined in the moist way, as fol* 
lows : We place 1-lOth of a grain of the substance on 
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a thin lamina of platina or ^lass, vid having added 
one drop of nitric ad^^ heat the whol$ orer the 
lamp; the uric add dissolves with effervescence^ 
and the mass must then be care^lly dried, le^.it 
bum; when dry, a beautiful red colour .app^jts. 
If the assay contain but a small quantity of uric 
acid, it sometimes blackens, instead of reddening 
by the heat. In that case we must take a fresh 
portion, and having dissolved it in nitric acid, 
withdraw it from the heat» when the solution is 
nearly dry, and then leave it to cool till the desic- 
cation is completed. Then, turning the support 
to which the assay adheres, upside down, we hold 
it in that position above a little caustic ammonia, 
placed over the lamp ; as soon as the ammoniacal 
vapour reaches the dried substance, the fine led 
colour is developed.^ The same colour is developed, 
but not so fine, if we moisten the dried matter 
with a little weak solution of ammonia. 

Urinary calculi, formed by a mixture of uric acid 
and the earthy phosphates, are sometimes met with. 
They carbonize and bum away like the first, but 
leave a larger residuum, which is neither alcaline 
nor soluble in water. Treated with nitric add 
and ammonia, they exhibit the beautiful red colour 
which diBtinguiAes uric add. The remaining ash 
is either phosphate of lime, or phosphate of mag- 
nesia, or a mixture of the two. 

* This mode of applying the aaunonia was invented hj 
Professor Jacobsen of Copenhagen, who, by this reagent^ 
has shown the existence of uric acid in the excretions of 
animals of the lowest order. B. 
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2. Calculi formed of urate of soda. 

This substance rarely forms part of urinary cal- 
culi, and is seldom met with except in the hard 
excrescences that form roimd the articulations of 
gouty patients. Alone^ on charcoal^ they blacken, 
develope an empyreumatic animal odour, are diffi- 
cultly reduced to ashes, and leave a strongly alca- 
Une, grey residuum, which forms a glass by fusion 
with a little silica. If, as is most common, the 
calculus contain earthy salts, the glass is white, 
or greyish white, and opaque. 

3. Calculi formed of urate of ammonia. 

Behave before the blowpipe like uric acid cal- 
culi. Treated with a drop of caustic potassa, they 
exhale, when gently heated, a strong odour of am- 
monia. The slight ammoniacal odour, which po- 
tassa developes with almost all animal substances, 
has nothing to do with this. These calculi often 
contain, besides, urate of soda. 

4. Urinary calculi of phosphate of lime. 

Alone f on charcoal, they blacken, exhale an ani- 
mal empyreuinatic odour, and finally become white ; 
they do not fiise ; in other respects they behave 
like phosphate of lime. (See phosphate of lime, 
p. 251.) A proof that these calculi are not sili- 
ceous, is that they swell up with soda without vi- 

4 
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trifying, and when dissolved in boracic add, and 
then fused with a little iron, they give a regulus of 
phosphuret of iron. 

5. Cakuli of ammoniaco-magnesian phosphate. 

Alone, on the platinafoil, they exhale a strong 
odour of salt of hartshorn, blacken, swell up, and 
lastly become greyish white. They fuse easily in- 
to a greyish white, enamel-like globule. 

With horax and salt of phosphorus they fuse 
into a transparent glass, which, if the proportion 
of the assay be large, becomes milk white on 
cooling. 

With soda they fuse into an intumescent white 
scoria, which a larger dose of soda renders infusible. 

With boracic acid and iron they readily give a 
regulus of phosphiuret of iron. 

With nitrate of cobalt they give a dark red 
glass. 

When the calcareous and ammoniaco-magnesian 
salts occur together, it is known by the diminished 
fusibility of the mixture \ 

6. Calculi of oxalate of lime. 

Alone, immediately exhale an urinous odour. 
Those whose crystallization is least confiised, lose 

' This is a mistake,— and I am obliged to my friend Dr. 
Marcet for having pointed it out. The compound calculus 
is much morejusible than either of its component salts — it has 
in consequence been named, netrtloxtify ** theJusiUe calculusJ* 
See Marcet's Essay on Calculous Disorders, p. 78. C 
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the polish of their surface^ whibt their colour geta 
clearer. Afler a moderate ignition the residuum 
effervesces with a drop of nitric acid, and, with a 
good heat, leaves quic]c lime on the charcoal, which 
acts on reddened litmus paper like an alkali, and 
commonly falls to powder when slacked with 
water, but not if the residuum contain phosphate 
of lime. 

7. Siliceous calculi. 

AlonCf leave an infusible, sometimes scoriaceous 
ash, wnich fuses with a small quantity of soda, 
slowly and with effervescence, into a more or less 
transparent glass globule. 

8. Cystic oxide calculi. 

These calculi behave very nearly like those of uric 
acid, before the blowpipe ; they do not fuse, they 
take fire readily and bum with a bluish green flame, 
exhaling a very add, peculiar odour, which has 
some remote resemblance to that of cyanogen. 
Their ash is not alcaline, and in a good heat fuses 
into a greyish white mass. They differ from uric 
add, both by the odour they develope by heat, 
and by not produdng the red colour by the action 
of nitric acid. 

Remark. — ^I have not had an opportunity of ex- 
amining the calculi discovered by Dr. Marcet, in 
which he found a peculiar substance that he has 
named xanthic oxide} 



' The following accQunt of xarUhic oxide is taken, by hm 
permission^ from Dr. Marcet'« << Essay on the Chemical 
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History, and Medical Treatment of Cakulout Disorders/' 
lo which excellent work I refer the reader, who wishes to 
obtain a perfect knowledge of calculi in general. The des- 
cription of the xan^e oxide is most accurate, as I can testify 
froin my own ohservationyDr. Maroet having had the goodness 
to allow me to inspect ^e calculus itself, and even to sacrifice 
a furtlier portion of it^ on purpose to show me its distinguislv- 
ing chemical properties. 

^ 1. It wasy when entire, of an oblong spheroidal shape, and 
weighed only about eight grains* 

** 2. Its texture is compact, hard, and laminated, surface 
smooth* It is of a reddish xsinnamon colour, which is mnch 
heightened on adding caustic alkali to the calculus in powder* 
Between the red lasninse, faint whitish lines are perceived. 

^ 3. When the blowpipe is applied, it crackles, splits into 
small pieces, turns black, and is ultimately consumed, leaving 
only a minute particle of white ash. The smell it emits is 
that of an animal substance, and is peculiar, though feeble 
and not easily defined. It does not at all resemble that of 
the litiiic (uric) acid, or of the cystic oxide. 

** 4. When exposed to destructive distillation, it crackles, 
splks into scaly fragments, blackens, and emits a fcetid ain« 
nwniacal liquor, from which carbonate of ammonia cryitallioes 
on cooling, and a heavy yellowish oil. 

** 5. When reduced to an impdpable powder by scraping, 
and boiled in water, the greater part of it is dissolved, and 
this solutfon slightly reddens litmus paper. If the clear 
liquor be decanted off, and allowed to cool, it covers itself 
with a white flocculent film, apparently not crystalline, which 
gradually subsides, forming a white incrustation ; and if the 
glass be scratched with a pointed instrument, during or just 
before Uiis deposition, white lines appear at the points of 
contact, as in the case of the amraoniaco-magneslan phosphate. 
** 6. Caustic potash dissolves this calculus very readily, and 
It may be precipitated from this solution by acetic acid, pro- 
vided the latter be not added in great excess. It is also solu- 
ble in ammonia, and in the alkaline subcarbonates. 

** 7» The mineral acids also dissolve it, tliough not near so 
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readily as the alkalies; so that a doubt may arise whether 
acids may not act upon it merely through the water they 
contain. 

*' 8. The residues of its solution in the muriatic and sul- 
phuric acids are white; and, as far as I was able to judge 
from the minute quantities of the calculus which I was able to 
spare for experiments, no distinct crystals were formed^? 
Concentrated sulphuric acid does not blacken this calculus, 

^^ 9. When the solution of the new substance in nitric acid 
is evaporated to dryness, the residue assumes a bright lemont 
colour. This yellow residue is partly soluble in water, to 
which it communicates its colour. The addition of an acid 
takes away this yellowness ; but if caustic potash be added 
to the yellow substance^ it instantly turns it to a more or less 
intense red colour, according to the degree of dilution ; and 
upon evaporation it assumes a brilliant crimson hue, whichi 
however, disappears on adding water, the yellow colour being 
reproduced, and remaining perfectly transparent. The pre- 
vious action of nitric acid is necessary for these singular 
changes ; for if the potash be added to the pure calculous 
substance, such as deposited by water, no change of colour 
takes place. The residue of the solution of the calculus in 
water produces the yellow substance, when treated with 
nitric acid, just the same as the calculus itself. 

** 10. The new substance is insoluble in alcohol or ether* 

'Ml. It is but very sparingly soluble in acetic acid. 

** 12. It is insoluble, or nearly so, in oxalic acid. 

**• 13. It appears to be insoluble, or nearly so, in bicarbo- 
nate of potash, or saturated carbonJEite of ammonia. 

** Upon the whole, this calculus appears to be a substance 
sid generis^ and will probably be found entitled to be consi- 
'sidered as an oxide, though it is certainly much less soluble 
in acids than the cystic oxide. 

** It is considerably more soluble in water than lithic acid, 
and is abundantly distinguishable from it by the lemon colour 
it forms when acted upon by nitric acid, and by its smell when 
burnt. 

*< It is as easily distinguished from the cystic oxide, since 
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the latter forms a white residue on evaporating its nitric solu- 
tion; has a smell quite peculiar to itself; is not formed of 
lamina ; and is rather more soluble in alkalies, and much 
more soluble in acids than the new substance in question. 
Should there remain any doubt respecting the peculiar nature 
of this calculus, I would beg to add that both Dr. Wollaston 
and Dr. Prout have examined its leading propertie8> and have 
expressed their conviction that it could not be referred to any 
of the species hitherto described. 

'* It is so difficult to find an appropriate and unexception- 
able denomination for a new substance, that it is with reluc- 
tance I propose one for this, especially as a similar production 
may possibly never again be noticed. It has occurred to me 
to name it xanthic calculus, from {tfytfoe, yellow^ because this 
term alludes to a striking and probably characteristic property 
of the substance in question, (that of forming a lemon-coloured 
compound when acted upon by nitric acid), and yet does not 
imply any systematic notion as to its composition." C. 
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phuret of, 163 
 '■ argentiferous sulphu- 
ret of, 163 
" arseniate of, 171 

— — - carbonate of, 170 

oxides of, 168 

oxide of, its use as a 



reagent, 65 

" - '  phosphate of, 169 

— pyrites, 164 

' seleniuret of, 167 
M submuriate of, 169 
— — sulphate of, 168 
sulphuret off 162 



Cryolite, 302 
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Cymophane^ ^8 
Cyphrine, 286. 



D, 



i 



Datholite, 252 

Davy, his views respecting 

flame^ note, 23 
Decrepitacion, how guarded Fluor spar» its use as a re- 



Flame, directions concerning, 

21 
' Sym on the structure 

of, note, 27 
Flaming, meaning of the term, 

Fluate, easy mode of ascer- 
taining a, note, 128 
Fluoric acid, 127' 



against, 36 

Diallage, 243 

Diaspore, 226 

Dichroite, 242 

Diopside, 268 

Dipyre, 276 

Dislhene, 219 

" employed as a sup- 

port, 35 

Dunkel, Weissguttigerz, 156. 



agent, 59 
Forceps described, 37 
' Pepys's, for decrepi- 

tating substances, not^, 38 
Fuller's earth, 227. 



G. 



. E. 

Ecume de mer, 239 
E^erane, 286 
Eisensinter, 193 
Ekebergite, 308 
Electrum, 149 
Elffiolite, 314 
Emerald, 233 
Endeilione, 155 
Epidote, 272 

— — — manganesian, 273 
Essonite, 284 
Euchairite, 167 
Euclase, 234. 



F. 

Fahlerz, ores, .168 
Fahlunite, 221 

hard, 241 

Feldspar, 312 

Flame, Davy, his views re- 
specling,j[iote, 23 

z 2 



Gadolinite, 230 
Gahnite, 187 
Garnet, 225 

 black, 282 

 clear brown, 282 

— deep brown, 283 

— green, 282 

red, 283 

Garnets, magnesian, 245 
Gehlinite, 289 \ 

General rules for experiments 

with the blowpipe, ^S 
Glanzerz, l46 \ 

Glass tubes, how used in, 

roasting assays, 35 
Glauberite, 301 
Glucina, 82 
Gold, 118 

graphic, 142 
telluriferous and plum- 

biferous, 143 
Grammatite, 262, 264 
Graphite, 190 
Gypsum, its use as a reagent, 

59. 



J; 



3liO 



INOKZ* 



H. 

Hammen, best form for, S9 
Ra^6tome» 296 
Haiiyene, SI6 
Itedenbergitei 270 
Helvine, 826 

Hornblende) black, crystal- 
lized, 266 

-« in large 



'^laminae, 266 



primitiTei 



265 

Horn lead^ 157 
Hyacinth, 212 
Hydrates, 130 
Hydriodic acid, 126 
Hyperstene, 244. 



I. 



Xdocrase^ 285 

Iridium, 118 

— •»— — and osmium, alloy pf, 
Ul 

Iron, arseniate of, 192 
carbonate of, 192 
chropiiferous, 19i 
columbiferous, 190 
hydrate of, 196 
its use as a reagent, 6S 
magnetic ore of and 
peroxide of, 191 
native, 188 % 
phosphate of, 192 
sulphate of, 191 
sulphured of, 188 
titaniferous, 195. 



J, 



Jade, 241 • 



K. 



Kobaltglanz^ 181 
KonphoUte, 274 
Kupfermangan, 208. 



Lamp, form of, notQ, I9 

Lapiis lazuli, 30^ 

Laumonite, 277 

Lazulite, 215 

Lead, arseniate of, 158 
carbonate of, 157 
chloro-carbonatepf,157 
chromate of, 160 
its use as a reagent, 63 
molybdate of, 159 
oxide of, 156 
phosphate of, 15£| 
sulphate of, 156 
sulpho-carbonateof,157 
sulphuret of, 153 
tungstate of, 161 

Lepidolite, 300 

Licht Weissgiittigerz, 155 

Lievrite, 278 

Lime, 79 

- arsenii^te of, 253 

- carbonate of, 250 

- fluate of, 2i8 
phosphate of, 251 



- sulphate of, 247 
-« tungstate of, 254 

- uranateo^25& 



Lithia, 75 
Lobolte,286. 



a 

Made, 327 
Magnesia, 81 

 how discovered by 

nitrate of cobalt, 60 

hydrate of, 247 






Kieselmalachite, 173 



Magnesit^, 235 
Mfldacolite, white, 26^ 



IW1X< 



Ml 



Manganese, carbonate of^ 900 
  '  fisrriferoua phoa- 
phate of, 199 ' 

' •  ■> hydrate of, 208 

— — perojude erf, 19a 

ailioate of, 207 

«ulphumtof,196 



Mangankiesel, olack, 205 

red, 206 

Matrass, use of, 35 

Meionite, 312 

Melanite, 292 

Mellite, 325 

Mercury, chloride of, 145 

— hepatic, 14!5 

Mesolite, 307 

Mesot3rpe, 306 " 

Metallic carburets, 124 
seleniurets, 120 
sulpburets, 119 



•mmmf 



Mica, 3l7 
— - used aa a support, 35 
Mispickel, 189 
Molybdates^ 133 
Molybdena, sulphuret of, 137 
Molybdic acid, 85, 137 
Moroxite, 251 
Muriatic acid,. 125. 



Nadelerz, 166 
Nephelitie, 220 
Nephrite, 241 
Nickel, arseniate of, 177 
 arsenical, 175 

" ' spiesglansers;, 176 

su^huiret of, 175 

— — white^ore of, 176 
Nitrate of cobalt, its use as a 

ceagent, 60 
Nitric add, 125. 

O. 

Ochre, vitriol, 191 



Qrthitet292 

Oxidation, how produced, 28 
Oxide of antimony « 91 
^— bismuth, 110 

 cadmium, 104 

 ■J .  ' cerium, 100 

 chrome, 89 
^ ►— cobalt, 107 

 columbium« 03 
' copper, 115 

' iron, 106 

lead, 114 

• manganese, 101 

 mercury, 1 17 
— — — — nickd, 108 

 silver, 117 
— — tellurium, 92 
tin, 112 

 titanium, 94 

  uranium, 99 
— — -— zinc,, 103. 



P. 



Palladium, 118 

 > native, 145 

Paranthine, 75 
Pargasite, 207 
Peridot, 242 
Petalite, 298 
Phosphoric acid, 128 
Phosphorus^ salt of, its use as 

a reagent, 56 
Pimelite, 178 
Pinite, 220 
Pistasite, 273 
Platina, 118 
— — - as a support, 32 
.— foil, 33 

 ' grains of, 14? 

 spoon, 32 

wire, 33 

Pleonaste, 246 
Plombgomme, 162 



Polybalite, 309 
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Potassa, inferior as a reagent 

to soda, 54 
Prehnite, 274 
Pyenite, 218 
Pyrallolite, 238 
!Pjrites>coinaion sulphureous, 

188 
 magnetica], 188 ~ 

Pyrope, 287 
Pyrorthite, 293 
Pyrosmalite, 206 
Pyroxene, 267. 



R. 

Eeagents, 45 

Eeduction, how produced^ 28 

Rhodium, 118 

Roasting^ how performed, 35 

Rubellite, 308 

Rutilite, 140. 



S. 



Salite, pale green^ 268 

Salt of phosphorus, its use as 

a reagent, 56 
Saltpetre, 311 
■' its use as a reagent, 

58 
Scapolite, 275 
Scherbenkobalt, 180 
Scolezite, 276 
Scorodite, 193 
Sea salt, 302 
Selfenstein, 240 
Seleniates, 133 
Seleniurets, metallic, 120 
Serpentine, common, 240 

noble, 240 

Silica, 83, 141 

 antimonial, 148 

- brittle sulphuret of, 147 
— — chloride of, 149 
— its use as a reagent, 65 



Silica, red, 146 
 " sulphuret of, 146 

Silicates, 130 

Soda, its use as a reagent, 45 
-— sulphate of, 301 
— what metals'-reduclble 
' by, 52 *'- 

Sodalite, 303 
Sordawalite, 245 
Speiskobalt, 180 
Sphene, 256 
Spiesglansbleyerz, 155 
Spinel, 245 
Spodumene, 298 
Staurotide, 223 
Stilbite, 277 
Strontita, 78 

' carbonate of, 295 

— ^— sulphate of, 294 
Sulphur, how detected, 1 19 
Sulphurets, metallic, 119 
Sulphuric acid,-' 1 25 
Supports, of the, 30 
Sym on the structure of flame, 
note, 27. 



T. - 

Tabular spar, 257 
Talc, black, 324 

clear green transparent, 

322 

translucid greenish, 323 
white, from China, 324 
white, opaque, 323 
Telesia, 213 

Tellurium, alloys of, 123 
. how distinguished 

from antimon3rand bismuth, 

111 

sublimed oxide of^ 



how distinguished from ar- 

senious acid, 124 
Tin, its use as a reagent, 62 
 oxide of, 153 
sulphuret of, 165 
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Titanite, 140 

Topaz, 217 

Teurmalincy blabk, 316 

- from Bo- 

ve>, 317 
' clear blue, finely 

striated, 299 

dark blue, in 



large crystals^ 299 

'   green, 317 
red, and clear 



green, 298 
Tremolite, asbestiform, 262 
Triphane, 298 
Tungstates, 133 
Tungstic acid, 87. 



U. 



Uranium, protoxide of, 183 
yellow hydrated 



oxide of, 183. 



V. 



Vauqueline, 172 
Veguvian, 285. 



W. 



Water, see hydrates, 130 
Wavellite, 2H 
Weissgiittigerz, dunkel, 156 

— — licht, 155 

Wolfram, 201 
Wurfelerz, 193. 



Y. 

Yenite, 278 

Yttria, 83 

' and cerium, 6uateof, 

229 
Yttrocerite, 249 
Yttrocolumbite, 229. 



Z. 

Zeolite, mealy, 277 

Zinc, blende, 184 

carbonate of, 185 
oxide of, 184 
silicate of, 186 
subcarbonate of, 186 

— sulphate of, 185 

Zircon, 212 

Zirconia, 83 

Zdizite, 272. 
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ERRATA. 



P. 19» note, last line; for ** qf the size draam in the^gure^*' 

read, ^ about twice the size of ike figure!^ 
P. 32, 1. 19, for « soda or charcoal f^ read *^ soda on charcoal.** 
P. 137, 1. 18, for « earthly^'' read « earthy r 
P. 140, last line, for "giw," read «« gives:* 
'P.l4il^\.U,fot^quaUtieSy**tesA** quantities:* 
P. 154", L 15, for " copper ores:* read « «o»ie C(3ipper or«*." 
P, 211, note, 1. 3 from bottom, for " silicate:* read " sub- 

sesqui'sUicate:* 
T. 214, 1. 23, for ** phosphoric acid,** read " s(dt ofphosphorusr 
P. 228, L 6, for « the fusion:* read « their Jusion:* 
P. 248, note, L 2 from bottom, for « 4 " read « 2." 
P. 259, 1. 13, insert a comma after ** these. *^ 
P. 298, 1. 10 from bottom, after Uto, add ** (Lithiun Tour* 

Dudine)."^ 
P. 75, 1.13, 
P. 88, 1. 21, 
P. 94, 1. 25, 
P. 95, 1. 1, 
P. 97, 1.7, 
P. 106, 1. 3, 
P. 107, last line, 
P. 108, 1. 23 and 24, 
P. 110, 1.5, 
P. 112, 1.7, 
P. 147,1.16, 



►for « dutt^** read *' dark:* 



THE END. 



C. Baldiriii, Printer, 
Keir Bridg^SliMlyLaBdoiii 
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